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INTRODUCTION

This report includes abstracts and bibliographic lists on major
contractual subjects that were completed in February, 1972. The major
topics are: laser technology, effects of strong explosions, geosciences,
and particle beams. A list of selections under material sciences has
been included as a fifth optional subject. The abstracted material
includes some selections from late 1971 that have not otherisise been
reported,

To avoid duplication in reporting, only laser entries concerning
high-power effects have been included, since all current laser material

will appear routinely in the quarteily bibliographies,
P y y g

An irdex identifyirg source abbreviations is appended.
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I. Laser Technology

Abstracts

Assovskiy, I. G., and A, G, Istratov. Combustion of
powders under optical radiation. ZhPMTF, no. 5, 1971,
70-77.

It is noted that the bulk of the literature on optical ignition of powder
does not consider the further effect of optical tlux on combustion characteristics
following ignition. An analysis is accordingly made to correlate combustion
rate of a powder with intensity of optical excitation, using both a stationary
combustion regime and one in which optical flux varies in some harmonic manner.
It is assumed that incident flux is absorbed in the condensed phase according to
the exponential Bouguer-Lambert law, at a constant transparency index. In
stationary combustion of the powder the optical radiation is shown to be equivalent
to raising tie initial powder temperature, whick permits analysis without consider-
ation of radiation parameters. In the nonstationary case with periodically varying
optical flux the model of Novozhilov (PMTF, no. 4, 1965) is used to define
combustion behavior, A correction factor to average burn rate, proportional to
the square of the optical flux amplitude, is introduced; in the case of an exponen-
tial ratio of combustion rate to initial temperature, this correciion is a negative
one, The authors also discuss the etfect of radiation on the stability of combustion
in the stationzry mode,

Basov, N. G., O, N, Krokhin, N, V, Morachevskiy,
and G, V., Sklizkov, Internal and surface effect of laser
radiation on optical glass. ZhPMTF, no, 6, 1771, 44-49,

The authors describe an experiment with laser irradiation of glass at
energy levels both below and above damage threshold, It is noted that transparent
dielectrics generally are an interesting subject for laser effecis since they display
a wide range of damage characteristics depending on material quality and incident
energy parameters. The test was done by a high-speed interferometrs method,
using a free-running neodymium laser as the active beam and a ruby laser in the
giant pulse mode for illumination of the impact region; the methcd was similar
to one reported earlier by Basov et al (Effects of High Power Lasers, Dec, 1971,
80). At an Nd lager level of 100 j and 1 millisecond pulses, a series of interfero-
grams were made of the glass, showing growth of inhomogeneities in the target
region at intervals up to 800 u sec following pulse termination. The results show
no time correlation of inhomogeneity development with laser pulse parameters,
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hence the c(teration is concluded to be an integral effect. The most probull.
mechanism for this is concluded to be the accumulation of thermnelastic stresa.
from continuous absorption of the laser energy. Basov includes tl eoreticai and
cxperimental data to support tkis hypothesis. Tests were also made with beam
energy increased by 10 to 15%, which exceeded the damage threshold of the glass:
interferograms of the resulting flare are presented.

Sy

Boyko, Yu. I., Ya. Ye. Geguzin, and A. K. Yemets,
Character of deformation in the region of pulsed later
beam action on a Csl single crystal. FTT, no. 10,
1971, 3096-3097.

A brief description is given on alteration and damage effects in Csl
single crystals exposad to a neodymium laser. The beam was focused within
plane-parallel specimens 3 mm thick to a spot size of 200 microns; energy
was 2--3j at a 500usec pulse width, which is above the damage threshold.
Depending on plane orientation to the beam, surface disfigurations of generally
sjuare or rhombic form were observed in all cases, at some distance from the
destruction center, Two photos of the described figures are included. The authors
suggest the effect is due to the crowdion mechanism Proposed by Indenbom
(ZhRETF P, v, 12, 1970, 526), or at least the results would permit the crowdion
mecaanism, whether or not that would be a sufficient explanation. Analogous
disiigurations are noted to have been recently reported in Csl under fast-acting point
loading, as described for example by Rozhanskiy et al (FTT, 1971, 411).

Fokeshgazi, I. V., Structure of the flare formed at the
input surface of alkali-halide crystals by a laser beam.

IN: Kvantovaya elektronika, Kiyev, Izd-vo naukov. dumka.
No. 5, 1971, 256-259,

A beam-target study is described using a Q-switched ruby on specimens
of NaCl, KCl, KBr, and LiF. The laser was run in a spike mode with spikes
controlled from one to six or more, Spikes were of approximately equal ampli-
tude, 30--40 nsec wide and separated by 100-150usec; power was from 2 to & M.
The main effect of interest was the appearance of luminous centers in the specime..
each of which corresponded to a single spike in the laser pulse. Sample photos
are given showing the effect of a six-spike pulse, which generates a train of six
centers starting at the surface. The mechanism appears to be that of a vapor
cloud generated by the first spike, which diffuses into the crystal and is illuminaterl
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by succeeding spikes; luminosity decays monotonically with rise in number of
spikes. Cloud diffusion rate appeared to be essentially constont within a

3--6 x 103 cm/sec range. A spectrographic study confirmed that the luminosity
was from the metal line of the particular specimen,

Lisitsa, M. P., and I, V, Fekeshgazi. Study cf the
dynamics of flare development, formed by laeer radiation
on the surface of transparent dielecirics, IN: Kvantovaya

elektronika, J.iyev, Izd-vo naukova dumka, no., 5, 1971,
251-256,

In a companion articl2 to the foregoing by Fekeshgazi, the authors
describe the methods usec to record flare development in the interaction of a laser
beam with type LK-5 glass and NaCl, The main effort was in registering flare
brightness and in relating flare development time and pulse shape to the incoming
laser pulse; this was don= with a photomultiplier and a fast sweeyp scope giving
a flare front velocity resolution of 2,5 nsec. A dual optical grid system was used
in the flare development region for velocity measuremenis; at a grid separation
of 3 mm, this permitted velocity measurements up to 108 cm/sec. Data on
velocity characteristic and density of evaporated material in the flare are given,
primarily for glass specimens, for flare generation at both entrance and exit faces.
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Fig. 1. Flare velocity in beam direction (3, 4)
and density of flare atoms (1,2) vs. laser power,
1,3 - NaCl; 2,4 - glass, P; = damage threshold,

Fig. 1 is an example of flare dynamics at the target face, using a Q-switched
ruby with 30 nsec, 18 Mw pulses., Analogous data for flares at the exit face

show a secondary peak in luminosity, indicating development o/ a shock wave
during flare lifetime,
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Sultanov, M. A, Study of the destruction of polymer
films by a laser beam, as a function of type and structure

of the material. Mektanika polimerov, no. 6, 1971,
1092-1093.

A photographic analysis is given of a variety of iaser damage types to
pclymer films, using both focused or nonfocused beams. Test materials cited
were oriented and nonoriented thin films of polyethylene, dacron, polypropylene,
an a -methyl styrene-plus-styrene copolymer, teflon, and kapron, Film thickness
varied from 85 to 350u; irradiation was by an Nd laser at 3-5j, 1-5 millisecond
pulses developing a power density of 3 x 109 w/cm2, For focused beam damage
tests f = 35 mm. Results are presented as microphotos of surface (270X) and
internal (600X} damage; one example given compares effects on Soviet and
Hungarian brands of polyethylene. Characteristic crater formation and ejecta
patterns for each polymer type are discussed. In the case of teflon the usual
pattern was absent; instead a surface fusion was observed at depths of 3--5 microns,
with beam effects detectible down to 20 microns, It is noteworthy that up to 60%
of incident laser energy wan reflected or scattered by the teflon surface, whereas
reflection from all other materials was negligible. The test results prove that
the nature of damage in polymers is strongly governed by the physicochemical
properties of the material. However, a generalization can be made on damage
mechanism according to irradiation type, i.e. for a nonfocused beam, photolysis
is called the major destructive factor, whereas a focused beam generates a
hydrodynamic explosion with plasma and shock wave formation,

Nevskiy, A, P, Electron temperature at the surface of
metals subjected to powerful thermal fluxes, TVT,
no, 4, 1970, 898-899,

A theoretical treatment is given to conditions for generation of hot electrons
in a metal subsurface layer by external thermal flux, to achieve conditions

analogous to exploding wires., A formula was derived for tempcrature @ of the
electronic sutsurface layer in metals, as follows:

0.=T+4 (1,0 /1) (1)

where T ~103 deg K is the temperature of the crystal lattice, Q is thermal flux
density on the metal surface, and [e and A are thermophysical characteristics of
the metal, Formula (1) gives the Q necessary to establish a given (e. g, an order
of magnitude)differential between@and T, which occurs because of a significant
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difference in time te Oof establishment of a Fermi distribution in electron gas and
relaxation time te of electrons interacting with the crystal lattice ( Te 2Te)e An
example shows that Q=10° - 107 w/cm?2 are required to achieve an order of

magnitude differential between®and T in metals., These densities are presently
obtainable in interactions of concentrateg laser and electron beams with the surface
of solids, of powerful heat fluxes in arc disciiarges at the cathode, etc. In the

case of an arc discharge, this effect of "hot" surface electrons must be accounted
for in the anzlysis of electron emission,

Nemchinov, I. V,, and S, P, Popov, Shielding of a surface
evaporating under the action of a laser, for the case of

temperature and ionization nonequilibrium. ZhPMTF, no. 5,
1971, 35-45,

This paper is an extended treatment of a theoretical analysis published
carlier by the authors on the dynamics of shielding by vapor products of a target
surface under laser irradiation (Effects of High Power Lasers, Dec. 1971, 34),
From an extensive theoretical analysis and numerous citations from other current
work on this subject, the authors establish that the critical flux density q, at
which shielding is defined as beginning occurs at a substantially lower value than
that predicted by equilibrium ion and electron temperatures (Te = Ty)e It is
thereiure postuiated that Te # Ty at shielding onset and appearance of the flare
phenomenoun, A description of thephysical processes is developed on this theory,
under certain simplifications concerning heat transfer, for flare propagation both
in a vacuunm and in a gas medium, Some calculations are given hased on typical
experimeital parameters, assuming a ruby laser source and an ajuminum target;
graphical solutions for these are included, The authors note in addition the
analogous finding of Popov on the shielding developed in front of a shock wave in
gas (ZhETF P, v, 9, no, 3, 1969, 176-179), which also commences earlier than
predictable by the equilibrium temperature theory, Another related work by Popov

et al has been reported previousiy (Effects of Strong Explosions, no. 2, 1971,
105), on this subject,

Putrenko, O, I,, and A, A, Yankovskiy, Study of optical

erosion of metals during a pulse of laser radiation, ZhPS,
v. 15, no. 4, 1971, 596-604.

This is a continuation of an earlier study by the authors on characteristics
of condensed ejecta from lager impact with metals (Effects of Strong Explosions,
no. 2, 1971, 38), The same lager parameters were used, i.e,

a free-running type



GSI-1 generating 1 u sec, 7 j pulses, and using a focal distance of 200 mm, In
the present tests a transparent rotating disk was interposed between the beam
source and target face, so that a time pattern of condensate products was obtained,
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Fig. 1. Condensate distribution, lead target

a - normal, b - 45° beam angle. 1 - beam impact
point; 2 - condensed vapor; 3 - particle ravs;

4 - large particle bands, Disk speed = 3,000 rpm;
distance between target and disk = 12 mm,

Fig, 1 shows two examples of condensate distribution for normal and inclined beam
angle, using a lead target, Three discrete types of condensed forms can be
distinguished with preferential positioning, depending on beam angle. Flare photos
are also given for an iron target (Fig. 2), which show that the flare axis will
deflect during flare development to line up with incident beam directior, for the
case of an inclined beam, Data show that the limit velocity of eiecta was about

100 m/sec. The technique is useful in identifying type and pattern of ejected
material during the course of a laser pulse. The results indicate that pulse width
need not exceed 200 u sec, since most of the vaporization occurs well be fore this
time.
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Kasatochkin, v, I., M. Ye, Kazakov, V, Vv, Savranskiy,
A. 1. Nabotnikov, and N, P, Radimov. Synthesis of a
new allotropic form of carhon from graphite, DAN SSSR,
ve. 201, no. 5, 1971, 1104-1105,

Applying a free-running neodymium laser beam o a pyrographite target,
the authors obtained vaporized deposits which proved to be a new allotropic form
of ~arbon. In one test a Pyrographite substrate opposite the target face was used,
with a center aperture for the laser beam (Fig, 1); one millisecond pulses were
used, at energies of 250 aad 500 j. In anotler variant the target specimen was

-
-
-
b

Fig. 1. Irradiation of graphite,

placed in an evacuated glass ampoule, with the vapor products depositing on

the inner surface. The deposits typically were silver-white, surrounded by a
black border. X-ray studies of the silvery deposit showed a polycrystalline
structure having a mean crystallite dimension of 10-5 cm; images of the black
deposits were characteristic of a highly dispersed substance with diffused diffraction
bands. A complete identity was established between electron diffraction patterns
from single crystals of both silvery and black deposits, indicating the structurai
identity of the two products. The black form is identified as carbyne, which has
previously been obtained by oxidative dehydropolycondensation of acetylene, The
difference in color was attributed to the high degree of dispersion in carbyne as
well as the presence of amorphous carbon impurities. It is noted that this allo-
tropic form has been discovered earlier in natural graphite and ig meteoric
material, and ater was produced by electric discharge in pyrographite under
vacuum and high temperature (Whittaker et al, Science, v, 165, 1969, 589)., The
authors intend further publication on the atomic structure and properties of the
new allotropic form,

-8-



Pogodayev, V, A,, V, I, Bukatyy, S, S. Khmelevtsov, and
L. K. Chistyakova, Dynamics of the explosive vaporization
of water drops in an optical field. IN: Kvantovaya elektronika,
Moskva, Izd-vo Sovetskoye radic, No. 4, 1971, 128-130,

Results are described for the droplet dispersion patterns obtained from
laser explosion of a water drop. As reported earlier, the critical point at which
explosion occurs depends on the praoduct ¢ K_, where ¢ is incident energy density
and K _ is a dimensionless factor indicating absorptive effectiveness; the present
tests grere done above the ciritizal point, The test configuration (Fig. 1) used a
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Fig. 1. Water drop explosion experiment.

1 - water drop on movable plate; 2 - camera;

3, 4 - illumination; 5 - ruby laser; 6 - coated
screen; 7 - LLG-55 laser; 8, 10 - photomultiplier;
9 - scope,

free-running ruby laser to evaporate water drops on a glass plate; the ejected
droplets were collected on a coated screen and their distribution patterns were
vecorded., In addition, droplet velocity was recorded by a second transverse laser
beam in the ejecta patn, where intersection of droplets was registered as noise

in the beam detector system; synchronization with the activating beam gave
droplet time of flight. Data presented include directional patterns and velocity
characteristics; droplet sizes varied in the range of 5 to 80 microns, depending
on the size of the initial target drop. The tests verify the non-central explosion
point in the drop, and reeultant anisotropic patterns of energy propagation and
ejecta motion,



Borisov, V. V., Stable regime in the case of incidence
of an e-m signal of finite duration on an jonization front
moving at light velocity, IVUZ Radicfizika, no, 12,
1971, 1923-1924, .

A brief extension is given to an earlier paper by the author on the
same subject (Borisov, IVUZ Radiofizika, no., 1, 1971, 54), A rectangular
electromagnetic pulse is assumer) to intersect an ionization front moving at
light velocity; electron velocity in the intersect region is taken to be well below
light velocity, and ion motion is neglected. Using this model the author derives
general expressions for the transverse electric and magnetic ficld vectors in
the impact region, Graphical resultis are included which compare the field
characteristics at short pulse widths (wy T = 1) to those at extended widths .
(wgo T = 40). It is shown that at sufficiently great pulse widths the E vector
at intersection tends to zero, and practically all energy in the incident pulse
converts to a static magnetic field which is confined to a region determined by
the pulse width,

Bud'ko, N, I,, V. I; Karpman: and D, R, Shklyar,
Stability of a plasma in the field of an axial monochromatic
wave, ZhETF, v, 61, nd, 4, 1971, l463-l47§.

An extended analysis is given of the development of plasma excitation
from interaction of an axial monochromatic wave, The discussion is based on the
phenomenon reported by Wharton et al (Phys, F1., 11, 1968, 1761), that for a
sufficiently intense wave, satellites are generated in the plasma whose frequencies
differ from the beam fundamental by a predictable amount, The present authors
interpret the satellite phenomenon as a result of instability, caused by a nonlinear
variation in the distribution function of the excitation wave in the plasma, The
amplitude characteristics of satellites near the instability point is accordingly
investigated; it is shown that for the experimental conditions of Wharton et al,
excitation of the satellites is caused by a non-parametric type of instability.

The results are compared with those of several other authors on the same pheno-
menon, '

-10-
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Generalov, N, A,, V, P. Zimakov, G. I. Kozlov,
V. A, Masyukov, and Yu, P, Rayzer, Experimental
investigation of a continuous hot optical discharge,
ZhETF, v, 61, no. 4, 1971, 1434-1446,

Rayzer, Yu, P, Continuous sustaining of a plasma
by laser radiation, and the optical plasmatron. VAN,
no, 10, 1971, 28-32,

Rayzer, Y., G. Kozlov, and N, Geceralov. Nonlinear
absorption of intensive radiation in plasma, Soviet
Science Review, v, !, no, 1, 1970, 42-46,

These papers generally review and extend the experimental data aiready
reported on the optical plasmatron (Rayzer, Generalov et al, Effects of High-
Power Lasers, Dec., 1971, 17-21). The experiment uses a Q-switched CO, laser

to ignite and sustain a suspended plasma in argon and xenon, over a variety of
pressure and laser power levels., The general purpose here has been to define
the limits to the critical parameters for plasma maintenance, and to observe

the dynamics of plasma development., It is shown for example that there is a
limited gas pressure range within which the plasma will subsist, for a given
laser power; this is seen in Fig, 1 for Ar and Xe. It is evident from the curves

Power, W

Joo T ——]

20041 =, TRy _—
0 - argon
e - Xenon

wib S | ¢
e

f [ o
p, atm

Fig. 1. Limits for optical plasmatron generation,

that over a range of some 10 to 25 atm, threshold power is practically independent
of pressure. Other data given include beam transmissibility through the plasma
and propagation behavior of the plasma; typical results show an initial velocity

of 10 m/sec, decaying to zero at the stable configuration in the order of several
hundred microseconds.
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Kazakov, A, Ye.,, I, K, Krasyuk, P, P, Pashinin, and
A, M, Prokhorov, Experimental observation of laser
radiation amplification from the interaction of opposed
laser beams in a plasma. ZhETF P, v, 14, 1971, 416-418,

Experimental data are briefly discussed on the effects of focusing
opposed laser beams in an argon plasma, The test configuration (Fig. 1) used

Fig. 1, Colliding beam experiment,

1 - laser; 2 - Ar chamber; 3--11 - splitting
deflecting optics; 12 - coax; 13 - scope,
0.2 ns resolution; 14 - spectrograph.

o
a monopulse laser at 6943A and 20-100 nsec duration, split and simultaneously
focused at f = 2 cm throagh opposite faces of the argon chamber, The optics
were assigned such that I, < I} by varying amounts, but both were above break-
down threshold, Records of exit intensities and spectra of the two pulses showed
two distinct effects: the weaker pulse was amplified by the stronger, and also
underwent a spectral broadening, These effects were more pronounced with
larger initial disparity between I} and I, intensities. An example given shows
I, increased by a factor of 1,32, where initially I = 0.2 I}, Stimulated Compton
scattering is suggested as the main mechanism for these results, and calculations
on this assumption show a good agreement with actual gain figures for the weaker
pulse. The spectral change in I is not explained and must be clarified by
additional tests,

-12-
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Zakharov, S, D,, Ye. L. Tyurin, and V, A, Shcheglov,
On the propagation of monochromatic radiation through
a plasma, ZhETF, v, 61, no, 4, 1971, 1447-1451,

A rigorous analytical solution is obtained to the problem of propagatior
of pulsed monochromatic radiation in an absorptive plasma, The laser pulse
is assumed to have an arbitrary waveform, and a radiation frequency well above
plasma frequency; the volumetric change in electron density is also assumed
to occur smoothly. With these assumptions reflected radiation may be neglected.
It is further assumed that electron collision frequency v, meets the condition
ve 7>>1, where r {s the characteristic time to alter the mean electron energy
in the plasma; this permits use of the concept of electron temperature, Expressions
are then derived for pulse intensity as a function of penetration into the plasma
and for absorption coefficient, assuming a bremsstrahlung mechanism,

!
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Fig. 1. Variation in pulse waveform
vs. penetration into plasma,

Fig. 1 shows theoretical degradation of an initially rectangular and triangular

laser pulse vs, penetration depth., Other idealized solutions are presented,
based on typical parameters of an Nd glass laser and a hydrogen plasma,

-13.



B = = = e o

=

1

(2]

=

2,

Recent Selections

A, Laser Beam-Target Effects

Afanas'yev, A, A., V. S. Burakov, V, V, Zheludok, and
S. V. Nechayev, Nonlinear interaction bctween laser radiation
and an alkali metal plasma. DAN BSSR, no. 10, 1971, 889-891,

Anan'in, O, B., Yu. A, Bykovskiy, M, Ya. Minakov, and
A, N, Petrovskiy. Self-focusing of ultrashort pulses in trans-
parent media. FTT, no. 11, 1971, 3465-3467,

Arifov, U, A,, M, R, Bedilov, and K, Khaydarov, On the
nature of ion generation from the effect of laser radiation on

solid matter. DAN Uzb, no. 7, 1971, 25-26. (RZhF, 1/72, #1G151)

Askar'yan, G, A.,, Kh, A, Diyanov, and M. Mukhamadzhanov,
New experiments in forming a self-focuised filament from focusing
a beam at the surface of a medium, ZaETF P, v. 14, no, 8,
1971, 452-455,

Bayratov, B, Kh,, B, P, Zakharachenya, and Z, M, Khashkhozhev,
Self-focusing of argon laser radiation and light scattering by
phonons in bismuth germanium oxide crystals, FTT, no, 11, 1971,
3412-3414,

Brekhovskikh, V. F., Z. I. Mezokh, A, V, Ovodova, A, A, Uglov,
A, K, Fannibo, and V, A, Yanuehkevich, Dislozation structure
of germanium eubjected to a laser beam, FiKhOM, no, 6, 1971,
6-10,

Butenin, A, V,, and B, Ya, Kogan., Tihe mechanism of optical
breakdown in transparent dielectrics, IN: Sbornik., Kvantovaya
elektronika, Moskva, Izd-vo Sovetskoye radio, no., 5, 1971,
143-144,

Darznek, S. A,, and A, F, Suchkov, Determining the limiting
diameter of a self-focusing channel in a medium with cubic non-
linearity, IN: Sbornik, Kvantovaya elektronika, Moskva, Izd-vo
Sovetskoye radio, no, 4, 1971, 109-112,

Garber, R, I., Ye, I, Stepina, and A, A, Stepanov, Features

of the destruction of calcite crystals by laser radiation, FTT,
no, 1, 1972, 243.245, '

-14-



Gusev, N, V., and A, A, Pyarnpuu, Quantitative study of
the ejection of matter from a solid surface by the action of
powerful radiation, ZhPMTF, no. 4, 1971, 127-.133,
(RZhF, 1/72, #1G254)

Kolokolov, A, A., and G, V. Skrotskiy. Kinetics of the
self-focusing process for short optical pulses. OiS, v, 31,
no. 4, 1971, 650-652,

Kuskova, T, V., Ye. I, Raykhel's, and M, I, Rudenko.
Effect of optical flux on the dislocation structure of alkali-
Lalide single crystals, Monokristally i tekhnika, no., 3, 1970,
48-51,

Lisovets, Yu, P,, I, A, Poluektov, Yu, M. Popov, and

V. S. Roytberg, Passage of a coherent ultrashort optical pulse
through a semiconductor., IN: Sbornik, Kvantovaya elektronika.
Moskva, Izd-vo Sovetskoye radio, no. 5, 1971, 28-36,

Mirkin, L. I. Analogies between mechanisms of destruction
of transparent and opaque materials by a lase: beam, DAN SSSR,
ve 201, no, &, 1971, 1335.1337,

Orekiov, M, V., and B, S. Slavin. On the nature of material
ejection from the action of laser radiation on materials with
varying thermophysical properties. ZhPS, v. 16, no. 1,
Jan, 1972, 153.155,

Plyatsko, G, V,, M. I. Moysa, and L. P, Karagev, Use of
a laser to eliminate residual weld stresses. F-KhMM, no. 6,
1971, 87"890

Siller, G., E, Buchelt, and H. B, Schilling. Properties
of an electron source with laser-induced electron emission,
IPP-Berlin, 1971, 25 P. (RZhF, 1/72, #1A386)

Vitovskiy, N, A,, G. A. Vikhliy, V, V, Galavanov, and

T. V. Mashovets, On formation of defects in indium antimonide
under optical radiation, IN: Radiatsionnaya fizika nemetalliches-
kikh kristallov, Sbornik. Kiyev, Izd-vo naukova dumka, no, 3,
part 2, 1971, 22-26, (RZhElektr, 11/71, #11B60)

Vodovatov, F, F,, and M, 8. Chupina. Interaction of lager

radiation with solid substances for the purpose of mass-spectral
analysis, IN: Moskovskiy institut elektronnogo mashinostroyeniya,
Trudy, No. 9, 1970, 89-98, (KZhMetrolog, 1/72, #1, 32, 1226)

-15-



Yankelevich, R, P, Frequency shift of uniform ferromagnetic
resonance in a radiation field, FTT, no. 12, 1971, 3501-3504,

Zakharov, V, P,, and Yu, M, Pol'skiy, Velocity of a temperature
front in carbon films during their interaction with laser radiation,
FiKhOM, no. 6, 1971, 3.5,

Zakharov, V, Ye,, V. V, Sobolev, and V., S. Synakh, Distinctive
properties and stcchastic phenomena of self-focusing, ZhETF P,
v, 14, no, 10, 1971, 564-568,

B. Laser-Plasma Interaction

Anisimov, S. I., and V, I, Fisher. Ionization relaxation and
light absorption behind a strong shock wave in hydrogen, ZhTF,
no, 12, 1971, 2571-2574,

Artsimovich, L. A. Studies on controlled thermonuclear fusion
in the USSR, Atomnaya energiya, v. 31, no. 4, 1971, 365-375,

Ashmarin, L. I., Yu, A, Bykovskiy, N, N, Degtyarenko,

V. F, Yelesin, A, I. Larkin, and I, P, Sipaylo. Study of gas
breakdown in front of a laser flare by a pulsed hologrzphy method.
ZhTF, no, 11, 1971, 2369-2377,

Basov, N,, and O, Krokhin, Lasers and controlled thermonuclear
synthesis. Science and Engineering. APN Newsletter, Novosti
Press Agency, no. 46, 1971, 1.3,

Basov, N, G., V, A, Boyko, V., A, Gribkov, S, M. Zakharov,
O. N. Krokhin, and G, V, Slizkov. Gas dynamics of a laser
plasma ir the process of heating, ZhETF, v, 61, no, 1, 1971,
154-161,

Batanov, G, M,, and V, A, Silin, Self-interaction of an electro-
magnetic wave in a dense collisionless plasma, ZhLTF P, v, 14,
no. 8, 1971, 445-448,

Burakov, V, S,, P, A, Naumenkov, and G. A. Kolosovskiy,
Using a tunable laser to determine absorption characteristics
of a plasma, ZhPS, v, 16, no, 1, 1972,

Fizika plazmy i problemy upravlyayemogc termoyadernogc

sinteza, Vyp. 1 (Plasma physics and problems of controlled
nuclear fusion. No. 1.) Kiyev, naukova dumka, 1971, 304 p.

-16-



[P

[ 2

L

-4

(9]

*ow

o
‘

Golant, V. Ye. Wave penetration in plasma at frequencies
near the lower hybrid. ZhTF, no., 12, 1971, 2492-.2503,

Goloborod'ko, V. T.,, and Yu, M, Kiselev, Using the Dopplsr
effect to measure plasma velocity. TVT, no. 6, 1971, 1248-1252,

Infeld, E,, and W, Zakowicz. An explanation of the anomalous
scatter of laser light from an arc plasma. Phys. Lett. (A),

v. 37 a, no. 2, 1971, 103-104, (Physics Abstracts, no. 82590,
1971)

Kaliski, S. Laser heating of plasma by a heat conductivity
mechanism taking into account the recovery of fusion energy.
Bulletin de 1'Academie Polonaise des Sciences. Serie des
Sciences Techniques, no., 11-12, 1971, 109(829)-117(837).

Kaliski, S. General equations for heating a D-T plasma taking
into account the heat release from the synthesis of a thermonuclear
reaction. Biuletyn Wojskowej akademii technicznej. J. Dabrows-
kiego, v. 20, no. 5, 1971, 3.9, (RZhF, 12/71, #12G380)

Kaliski, S. Cumulation-laser heating of a D-T plasma, Pro-
ceedings of Vibration Problems. Warsaw, v, 12, no, 2, 1971,
91-104. (Physics Abstracts 25 Nov 71, #75916)

Kaliski, S, The average value description of the combined process
of cumulation-laser heating of D-T plasma. Proceedings of
Vibration Problems, Warsaw, v. 12, no, 2, 1971, 125-135,
(Physics Abstracts, 11 Nov 71, #72601)

Kalygin, A, G., N. P, Kozlov, N, A, Koreshchenko, L, V,
Leskov, and V, B, Sayenko. Study of the parameters of a pulsed
erosion plasma accelerator, ZhTF, no. 10, 1971, 2084-2087.

Kulik, P, P., D, I. Slovetskiy, B, V, Alekseyev, V. A, Abramov,
and V. M, Gol'dfarb, Physical processes in low temperature
plasma and their properties. IN: Ocherki fiziki i khimii nizko-
temperaturnoy plazmy, Sbornik, Moskva, Izd-vo nauka, 1971,
5-232, (RZhF, 12/71, #12G86)

Lavrovskiy, V. A,, N, Ya, Cherevatskiy, and I, F, Kharchenko,
Controlling oscillation characteristics in a plasma-beam discharge.
IN: Kolebaniya i volny v plazme., Sbornik. Minsk, Izd-vo nauka

i tekhnika,. 1971, 85-87,

-17-



B ey

-

¥4

Liberman, M, A,, and A, T, Rakhimov, Penetration of electro-
magnetic waves into a plasma with allowances for norlinearity.
ZhETF, v, 61, no. 3, 1047-1056,

Lisitchenko, V. V,, and V., N, Orayevskiy. ''Clearing' of wave
barriers for plasma and electromagnetic waves connected with
kinetic effects, DAN SSSR, v, 201, no. 6, 1971, 1319-1321,

Mironov, B, A, On nonlinear penetration of 1 plane plasma
layer, IVUZ Radiofiz, no, 9, 1971, 1450-14¢2, (Physics Abstracts,
#3208, 1972)

Norinskiy, L., V. Initiation of a directional breakdown in gas
by third-harmonic emission from a neodymium laser, IN;
Kvantovaya elektronika, Sbornik. Moskva, Izd-vo Sovetskoye
redio, no, 5, 1971, 108-109,

Ovsyannikov, A, A, Basic spectral methods for diagnostics of
a low temperature plasma, IN: Ocherki fiziki i khimii nizko-
temperaturnoy plazmy. Sbornik. Moskva, Izd-vo nauka, 197],
386-410. (RZzZhF, 12/71, #12G151)

Pustovalov, V., K, Self-similar gas motion behind a shock wave
front sustained by radiation, DAN BSSR, no, 12, 1971, 1079-1081.

Sobolev, V. V,, and V, S, Synakh, Development of circular
optical beams in a nonlinear medium., ZhPMTF, no, 6, 1971,
174-177,

Trubnikov, B, A, High frequency electromagnetic field in a
plasma region, ZhETF P, v, 14, no., 8, 1971, 472-475,

Yevtushenko, T. P., V. Kh. Mkrtchyan, and G, V. Ostrovskaya,
Spectroscopic studies of a laser spark. IV, Absorption spectrum
of a spark in hydrogen. ZhTF, no, 12, 1971, 2581-2589,

Zhuravlev, V, A,, D, L, Zelikson, and G. D. Petrov., Detection

of pulsed laser radiation by a freelv burning flame, O0iS, v. 31,
no. 5, 1971, £30-831,

-18-



St B Pt Gy G om

*4 -

e |

4

oam

II. Effects cof Strong Explonions

Abstracts

Alinovskiy, N, I., V. G. Yeselevich, N. A, Voshilev,
and R. Kh, Kurtmullayev, Investigation of the energy
spectrum of ions in a plasma h:ated by a shock wave,
ZhETF, v, 57, no. 3, 1969, 706-715,

Using a passive corpuscular diagnostic technique, the authors
investigated the energy spectra of ions in a plasma heated by a shock wave.
It was observed that for large Mach numbers (M 5 3-4), the one-velocity
movement of ions in a plasma was violated up to the moment of wave
cumulation at the system axis, Under the given conditions, this phenomenon
is explained by the '""overturning'' of the shock wave front which increases
the random behavior of the ions. One of the basic objectives of the experiment
was to determine the locus for the start of registering particles inside a
plasma and the moment of this start relative to the beginning of the wave
process. This task was resolved using a space-time pattern of the wave process
and the motion of registering particles. The paper gives a comprehensive
analysis of this space-time pattem. At low Mach numbers (M < M.), the
start of registering particles and their random velocities were observed to
occur after wave cumulation at the system axis., The measured relative width
of the energy spectrum of particles emitted in longitudinal and transverse
directions indicates a strong collisionless dissipation of energy. This relative
width of the energy spectrum at peak energy, exceeding by an order of magnitude
the directional energy of the ions in the wave, satisfactorily indicates effective
randomness for ion velocities, The temperature determined from the energy
spectrum of particles agrees satisfactorily with the progressive energy of ions
in a wave. The apparatus used in the study of the energy spectrum and the
diagnostic technique used are explained in great detail.

Galeyev, A. A, and R, Z, Sagdeyev. Shock wave model in
the solar wind plasma., ZhETF, v. 57, no. 3, 1969, 1047-1053,

A kinetic model of a collisionless shock wave in the solar wind
plasma is developed, on assumptions of turbulence created by hose instability
and T, < T{, when the effect of resonance ions is the most important. The
existence of a hose instability implies plasma compression and an increase
in longitudinal pressure p/} in the plasma in a weak magnetic field. To
simplify the problem of model development, only weak shock waves were
considered within the framework of quasilinear theory. The solution of the
quasilinear equation of hose instability at a Mach number M= 1 gave the
following expression of anisotropy of plasma pressure p as a function of the
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level of magnetic field fluctuations:

(Px— 1) / po == 0,92(M — 1) A" — 0,5k — 0(0,04A). (1)

where h is the energy characteristic of magnetic field fluctuations, The
anisotropy (p“— P, ) increases to a maximum with increase in energy
fluctuations, then é‘ecomes zero again at

hy = 1,5(M — 1)'h <€ 1, 2)

which is the upper limit of amplitude of small fluctuations at above-critical
shock wave velocity. The quasilinear equation (1) together with a linear
equation of energy of rising fluctuations solve the problem of the frontal
structure of a weak shock wave, The profiles in Fig. 1 show that decay of
h in front of a shock wave (at S+ - « ) follows a power law and instability
saturation behind the front obeys an exponential law. The front width is of

LI

s

Fig. 1. Profiles of density N, magnetic
field h, and pressure anisotropy in the
wave front,

the order of the ionic Larmor radius. An analogous calculation for (pl - p, )
within the framework of the quasihydrodynamic equations of Chew-Gold erger-Low
indicated that velocity of a weak shock wave is determined by the three-
dimensional model of sound velocity (adiabatic exponent = 5/3)., This means

that hose instability equalizes Py and P, »as the effective collisons do. Thus,
both models indicate that (p" - P ) increases within the wave front at a
sufficiently high propagation velocity.
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Zheleznyak, M, B,, A. Kh, Mnatsakanyan, and

I. T. Yakubov., Study of the nonequilibrium region
behind a shock wave in air. IN: Sbornik, 2-y
Vsesoyuznyy simpozium po goreniyu i vzryvu, 1969,
Avtoreferatnyy doklad, Chernogolovka,

1969, 193-196,

The calculated concentration profiles of N, NO, N, O, and their
ions and the profiles of translational, vibrational, and electron temperatures
are given to describe the kinetics of various processes in air behind the
front of a strong shock wave (shock wave velocity v, = & - 12 km/sec). In
calculating T,, allowancz was made for energy exchange between electrons
and molecular, atomic, and ionic components of plasma. Calculations
indicate the existence of an emission peak within the nonequilibrium region of
a shock wave. The calculated profiles of emission intensity agree well with
the available experimental data in the 0,40 - 0,42 u range of A for v, = 8.6,
10, and 10.9 km/sec and P, = 0,1 torr. In the near-peak area, the emission
of the first negative nitrogen system is predominant. "The contribution of
atomic lines increases near the equilibrium point. The concentration of
atoms in an excited state was calculated by means of diffusion theory of step-

wise processes.

Losev, S. A,, and V, A, Polyanskiy. The effect of
vibrational relaxation of molecules on characteristics of
dissociating air behind the front of a strong shock wave.
MZhiG, no, 4, 1969, 84-90.

The effect of vibrational relaxation in gas mixtures, e.g. air, at
T> 5,000 °k upon the rate constant k* of chemical reactions, is discussed
in view of the importance of this effect for solving problems of hypersonic
aerodynamics, The following types of reaction were considered:

O, +M3s2O0+0+M (1)
Ny +tME N+N+M (2)
NO+M&N+O+M (3)
O+N, & NO+N (4)
N+O, ¥ NO+O (5)
N, + O, NO + NO (6)

-21-



where M {s Ar, O,, O, N3, N, or NO, Using diffusion approximation by

{ the Fokker-Planck equation under certain assumptions the relation between
i kl and vibrational state of the molecules is described by

k() Q1 1y (7)

X Z(0) ?’T(?“?).

where ko is the rate constant at statistical equilibrium, Z(T) and Z(@) are the
statistical sums of gas and vibrational temperatures, respectively, and Q

- is the activation energy. Also, the relaxation equation of vibrational energy

@ per single molecule was derived, where t is the relaxation lifetime and n is

L da a'—a s (8)
& 0 Ty
the molecular density at time t. The time dependence of concentration Yy of
- the reaction components, gas temperature and density, and reaction rates

l S; behind the front of shock waves propagating in air at V = 4 and 7 km/sec were
calculated with allowance for vibrational excitation of the O, and N, molecules
- according to the type (8) equation, Fig. 1 indicates that formation of NO

44

Fig. 1. Reaction rates behind shock wave

front at 4 (a) and 7 (b) km/sec. The figures

1 - 6 correspond to the number of reaction

3 and the symbols indicate the colliding partners
in dissociation.

b

pro:eeds by the (4) and (5) mechanisms, when (6) is delayed, At higher

V (8 - 9 km/sec), the decrease in NC and O, 1is controlled chiefly by the
reactions (3) and (5), respectively, and dissociation of N3 by collisions with

13 N prevails over the reaction (4). A satisfactory agreement with the experimental
data was obtained for O,, when ihe effect of a delayed vibrational excitation

is taken into account,
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Meshkov, Ye. Ye. Instability of a two-gas interface
accelerated by a shock wave. MZhiG, no. 5, 1969, 151-158,

An experimental study is described of the effect of a shock wave
propagating in air at the interface between a pair of perfect gases with different
densities. Helium, air, CO,, freon-22, and freon-12 were paired in the
measurement section of a cylindrical shock tube (Fig., 1).

gas2_ __ 24 gl

o TENE S bl X Ry L
NG 77 N

Fig, 1. Measurement section of shock tube:
1, 2 - thin (14) films, 3 - shock wave front,
4 - air, 5 - gas #1, 6 - gas #2, 7 - frame
area of recording SFR camera.

Gas 1 - gas 2 combinations were tested with P1/ P ratios in the 1,54 -~ 21,7

and 1/3 - 1/21.7 ranges. A shock wave in the low-pressure channel was
generated by diaphragm breakdown initiated by electrical explosion of a wire.

In the case of the initial perturbation amplitude ap = 2 mm, photorecordings
reveal that the gas interface is unstable, i.e. perturbation increases with

time, regardless of whether the shock wave propagates from the lighter gas

to the heavier, or vice versa. The only difference is that the sign of perturbation

‘does not change in the former case, as it does initially in the latter. To a

first approximation, the experimental plots of a/a, versus the interface
displacement X /) , hence the plots of a/a, versus time, are linear. The
experimental rates d(a/ao)/d(x/A) increase with increase in P,/ P ratio, in
qualitative agreement with thecry. The over 10% discrepancy between experiment
and theory is tentatively ascribed to several experimental shortcomings,
exclusive of the stabilizing effect of the film partition between the gases, In

the case of a, = 4 mm, the experimental d(a/ag) increases stepwise with the

time, in agreement with theory. This pattern of increase is interpreted in terms
of turbulent oscillations of the transmitted and reflected waves which are

visible on photorecordings.
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Sinkevich, O. A. Stability of a plane shock wave front
at low magnetic Reynolds numbers. TVT, no. 6, 1969,
1126 - 1133,

Propagaticn of a plane shock wave front in the channel of a MHD
device is analyzed assuming that the applied electrical field E(0, E, 0)
and magnetic field B(0, 0, B) are interrelated through the parameters of the
external circuit and the magnetic Reynolids number Re,,< 1. 'The latter is
calculated from Re =u9 U,yl,, where ¢ is the electrical conductivity:and
UZH is the velocity of undisturbed flow behind the shock wave front., The
shock wave propagates at supersonic velocity in the direction of X<0 in a
plane coincident with YO Z (Fig. _l), hence disturbance in front of it is localized

Fig. 1. Disturbance of a plane shock wave

front att = 0: P - pressure; U, p - velocity and
density of the medium; ¢ - shift of shock wave
front, B, « magnetic field, j « parameter of the '
medium, Indexes 1 and 2 denote the medium in
front of and behind shock wave, respectively.

at the front. The criterion of instability in a shock wave propagating in a
magnetic field B was established by solving a set of linearized differential
equations which describe small disturbances V', U', P', p', and j' of the
medium parameters behind the shock wave, The boundary conditions at the
shock wave front correlated V', U', P' with the assumed small shift € of the
shock wave front, Solution of the linearized equations was sought in the form .

expi(Kz'+ Kyy — wt), (1)

where K = 2 7/} is the wave vector and w is the complex frequency of
oscillations., Using the VKB method of phase integrals, two variance equations
were derived to correlate K and W, In the case of By # 0, joint solution of

the variance equations in the first approximation gave the criterion of

}

-24-



s

instability as B> 8 cr’ where

p=0lno,/dln Ty, (2)

Consequently instability can be created only when g, is strongly dependent

cn temperature T,. By is a function ¢f the Mach numbers M) and M,

of the shock wave and the medium behind the wave, respectively. A magnetic
field may generate instability in the plane front in the presence of a small
disturbance in a perfect gas. In the case of 8o = 0, solution of the variance
equations is obtained in the usual form of gas dynamics, i.e. a plane shock
wave in a perfect gas is stable against small disturbances.

Podstrigach, T.S. Strong shock waves in partially ionized
hydrogen, UFZh, v, 14, no. 8, 1969, 1367-1377.

Theoretical data are given an ionization degree f, electron and ion
temperatures T, and T; at different distances r from ionic-atomic de-excitation
in a shock wave propagating in partially ionized hydrogen at higha values,

i.e., at a velocity U, = 200 - 1,150 km/sec, The parameter @ = mugy / X , where
m is the atomic mass and X is the ionization potential of the hydrogen atom,
determines shock wave intensity. The given data were calculated with allowance
for the wave energy losses due to de-excitation, which are described by
de-excitation parameter Y. Numerical integration of a set of differential
equations, which was developed earlier by the author to describe the shock

wave structure, gave the f, T,, and T d«ta for the cited range of U, and for
Y=10-1. 10-3, In a first approximation, ¥ was assumed to be independent

of T. A typical calculated plot (Fig, 1) shows the extent of the regions of
ionization rf, Te and Tj relaxation Te and de-excitation ry at fixed a and

Y (up = 360 km/sec), With respect to ionization, three successive steps are
distinguished: the initial step extending through the r¢ region; the cumulative
ionization proceeding from the end of r¢ through ry up to the point T{S T,;

and complete ionization, The r¢ region greatly diminishes with increase in

Uo, but it is practically independent of ¥ at U,2 500 km/sec, i.e., energy
de-excitation has little effect on ionization rate in sufficiently strong shock
waves, The cumulative and complete ionization periods vary little with a

and ¥, At the end of the cumulative ionization period, Te is maximum, given by

1 mul
Tl.mn:’-a-Too (l)

where k is the Boltzmann constant and a is a coefficient dependent cn Y.
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Fig. 1. Ionization degree, ion and electron
temperatures, and concentration of gas particles
versus distance in the shock wave in the case of

@ =100, Y =0,036 (a « logarithmic, b - linear scale).

The region r_ of nonisothermicity expands with increase in Uo and decrease
in ¥, and can be approximated by

: w. [ mu? \b
=102 (g ) @)

The most extensive ry r2gion shrinks whenYy increases at a given U . Ty
and Tg in this region decrease slowly, however T; > T,. At the end, the
electron gas density N, sharply increases, T, and T, sharply decrease within
a short period. Comparison of the cited data with the data calculated by
different authors for gases other than hydrogen showed that the described
procedure can be also used to calculate some of the parameters of shock
waves in air,
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Kochmanova, L, V., Ts. G. Breydo, V. L. Goryachev,
and G, S, Sukhov. Ionization in argon behind a shock
wave front. ZhTF, no. 3, 1970, 660-604.

Electrical conductivity o of an argon plasma in a diaph:ragm-type
shock tube was determined at initial Ar pressures P) in the 10 - 1 torr range
and corresponding Mach numbers M4 from 8,8 to 11, The bursting pressure
of the Hq driver gas was 115 - 120 atm. The ¢ value in the cited range of
argon pressures was calculated from experimental electronic temperature
Te and electron concentration N, data, The Te and N_ data were obtained
by measuring the intensity of the recombination continuum of Ar behind the
shock wave in the spectral regions near A = 5,700, 5300, and 4800 K. The
estimated relative error of N, determination was 3U %. Comparison of the
experimental T, and N, values with the calculated Te and N, at equilibrium
shows a discrepancy at P)< 5 torr, which increased with decreasing P; to
reach more than one order of magnitude at P; =1 torr. This discrepancy is
explained by the onset of cooling and decomposition of the plasma at P;< 5
torr before the end of relaxation., This e:planation was confirmed by the
experimental plots of relaxation time versus P;. The o data plotted in
Fig. 1 show that the maximum e = 7.5 mohm/cm corresponds to P} = 5 torr,

o IR
E |\
.,'é I \‘u
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_,_.-""'--_-‘N
5 ~
’ s W

Fig. 1. Calculated and experimental
electrical conductivity of plasma behind a
shock wave versus the initial pressure P).

It was concluded that the increase in shock wave velocity and in T, behind

it, which is achieved by a decrease in P} of Ar in the low-pressure channel,
is accompanied by an increase in ¢ of the plasma only up to a certain P,
value, below which the ionization level decreases. The analysis emphasizes
the importance of making allowance for the actual variation of 0 within the
vapor lock,
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Burminskiy, E, P., V. L, Goryachkev, and G. S. Sukhov,
Application of an electrostatic probe to diagnostics of the
boundary layer behind a shock wave front. ZhTF, no. 4,
1970, 884-886.

Preliminary measurements are described of the width § and structure
of a gaseous boundary layer formed along the wall of a shock tube behind
a shock wave propagating in argon at Mach number M' = 10, A1 -shaped
tungsten wire electrostatic probe was used to measure § . The measurements
were tased on a sharp change in the shape of the current-time curve with an
incresnse in height of the probe. The experimental § versus t dependence
was plotted from the oscilloscope traces of signals from the probes of
different heights (0.2 - 4 mm). At 1 torr initial pressure, the experiiental
0 versus t plot was in satisfactory agreement with the theoretical plot
calculated for a laminar layer. At p; = 10 torr, the signal from the probe
located near the wall became pulsating. An evaluation of the Reynolds number
at p; = 10 torr indicated that the boundary layer becomes turbulent under
these conditions. The use of an electrostatic probe in the study of boundary
layer can thus provide valuable information on dynamics and structure of the
layer,

Bronin, S. Ya, and A, N, Lagar'kov, Radiation transfer
in a nonhomogeneous layer, from spectral lines of a shock
profile. TVT, no. 4, 1970, 741-748,

An integration method adapted to digital computer calculations is
introduced to calculate energy flux S of single and multiplet spectral lines
with a shock profile in a thermally nonhomogeneous gas layer. The method
takes into account energy absorption dependence on temperature and pressure
at which the contribution of radiation to the energy balance becomes significant.
Integration by frequency v of the expression for S(r) in a point r of a radiant
volume led to an approximate formula, accurate to 5%, in the case of a single
line with small variations of the shock half-width v (r) over distances of the
order of l/ko (ko is absorption coefficient in the line center) and in the case
of a weakly reabsorbed line, regardless of the magnitude of v (r) variations.
In the case of a multiplet, Sy,(r) is expresscd through a function Gm, (a jreses

, T, T ), where variable g, denotes the characteristic parameters of the
i- t?: component of a multiplet. Simplified interpolation formulas are given
for G, and G3 of a doublet and a triplet, respectively, The approximate
formulas of the type given for G, and G3 with allowance for absorption by a
continuum superposed on a multiplet are shown to be accurate within a few
percentage points in the most unfavorable case. In a plane-parallel gas
layer whose characteristic depends only on the coordinate x perpendicular
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to its surface, S(x) transferred on a single line and Sm(x) of a multiplet are
expressed by an approximate formula, accurate within 4%, and as a function
of Gp,, resp.ctively. In the latter case, Gy, is expressed through G; by

using formulas of the G, and G types. In an infinite cylindrical configuration,
the expression for divergence of radiant flux transferred at a single spectral
line in a point r reduces to

F(r) = D + EP + CF + NP, (1)

The function (1) can be analytically integrated to give divergence of S(r). The
cited formulas can be applied in a slightly modified form to solution of
physical kinetics problems, e.g. the Bibarman-Holstein equation,

Golovachev, Yu. P, and Yu. P, Lun'kin, Dissociative-vibrational
relaxation in the air flow behind a direct shock wave.
MZhiG, no. 1, 1970, 48.52,

Profiles of translational and vibrational temperatures of 02 and NZ'
together with relative density and concentrations of the components, were
calculated for air flow behind a shock wave front under three different
sets of initial relaxation conditions. The three variants of the relaxation
process analyzed were: 1 - vibrational equilibrium, 2 ~ dissociative-vibrational
relaxation in the absence of vibrational quanta exchange in the absence of
vibrational quanta exchange between 02, N3, and NO; and 3 = relaxation with

allowance for all possible inodes of energy exchange. In the .aird variant,
allowance was made for the effecte of vibrational relaxation .on the chemical
reaction rates and of diseociative relaxation on the vibrational energy of
molecular components, and for the exchange of vibrational quanta between
different molecules. Calculations were made on the basis of relaxation equations,
earlier derived, with explicit expressions introduced for probabilities of
molecular dissociation and recombination reactions in collisions with atoms o=
other molecules; expressions of vibrational relaxation life-time were also
related to exchange of vibrational quanta. To simplify calculations, vibrational
relaxation in NO was not accounted for, and the molecules from only one
vibrational level were assumed to participate in the exchange reaction ¢

O + Np &> 2NO, The calculated data are prese.ted graphically, as an example,
for the oncoming flow parameters M, = 10, p, = 0.01 atm, and Te = 300°9K,
The T, Ty,, Ty4, and p calculated profiles (Fig. 1) show the considerable
effects of vibrational relaxation and the vibrational quanta exchange c. Oy and

Ny wit. NO on the flow parameters. The concentration profiles of NO and N are
the most sensitive to relaxation processes.
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Fig. 1. Profiles of translational T and

vibrational temperatures T2 and T4 of

OZ and Nz, respectively, and density profile

p /py behind a shock wave front. Solid

curves - third variant, dashed curves -

second and first variants, for T and p, respectively.

Chekalin, E. K., and Yu, I. Tusnov. Electric breakdown
of a supersonic gas flow in shock tube. ZhTF, no. 11,
1970, 2354.2360.

The effect of the thermal boundary layer near cold electrode surfaces
at the walls of a shock tube was studied experimentally in a supersonic flow
of argon or air behind a shock wave generated by an electrical discharge.
The initial pressure was 1 and 2 torr in Ar and 1 torr in air; the driving
gas (He) pressure was 15,2 - 26,8 atm. Shock wave velocity varied in the
1.65 - 2,12 km/sec range. The oscilloscope traces of discharge current
and gas emission from the electrode gap were recorded simultaneously and
the current-voltage characteristics were Plotted. The series of oscilloscope
traces in Ar at both cited pressures revealed sharp differences in shape at
different electrode potentials U (% 310 V at 1 torr and2 200 V at 2 torr). This
difference is reflected in current-voltage characteristics (Fig. 1 and Fig, 2).
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Fig. 1. Current-voltage characteristic
in supersonic argon flow: p; =1 torr.
The figures next to the points indicate
corresponding Mach numbers.

W W N W0 WinE

Fig. 2. Current-voltage characterist.c
in superesonic aigon flow, pj = 2 terr,

The clearly distinct regions in which current amplitude differs by over

three orders of magnitude can be seen in the curves. Also, two series of
oscilloscope traces were recorded in air at pj = 1 torr, The series at

600 - 900 V potentials show a sharp rise in current immediately behind

the shock wave front and an emission in front of tha shock wave in the
absence of discharge current., The current jump in gasdynamic vapor lock
indicates an electric gas breakdown in the gap. A comparative evaluation

of the resistance within the gas flow and the total resistance of the gap
immediately before the breakdown leads to the conclusion that the applied
potential drops in the boundary layer and the observed current jump is caused
by the electric breakdown of this layer, Calculations of breakdown voltage
based on Paschen's law indicate a good agreement with the experimental data
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for a laminar boundary layer (Fig. 1) and a 22% higher value for a turbulent
boundary layer (Fig. 2). / nonuniform electron energy distribution at the
boundary of a charged layer is thought to be the cause of the cited discrepancy.
Thuas the breakdown potential in a laminar boundary layer in a low-temperature
plasrna can be reliably calculated from the Paschen curves.

Galaktionov, I. I., T. D. Korovkina, V. D. Mikhalevskiy,

and I. V, Podmoshenskiy. Infrared spectral measurements
of temperature and CO2 concentration behind a shock wave.
TVT, no. 1, 1969, 85-90.

Dissociation kinetics of CO; molecules behind a shock wave is studied
by directly measuring gas temperature, its emission and its spectral
absorption in the £0°1 - 00°0 infrared absorption band. The unified method
of spectrum reversal was applied to temperature measurement using CO2
emission at A = 4.45 and 4,3y, i.e, outside and within the absorption peak
of cold CO,. The axperimental setup is described, in which the radiant flux
® x from the gas and combined flux (®x + Pe) of the gas and a reference source
(graphite rod) less ®. are recorded oscilloscopically in separate experiments
simultaneously with the shock wave velocity, Then temperature Ty and
absorptivity a , along the vapor lock of the hot gas were calculated using the
formulas derived from the Kirchhoff law and Plank formula. The data show
that the measured Tx in the 3,000 - 4, 400°K range coincides, within the

experimental error, with the theoretical gas dynamic tcmperature. Measurements

at T = 4,400°K, Po = 1.8 torr, and P = 0, 43 atm indicate a significant decrease
in Ty and 2, along the CO, vapor lock, independent of A within the experimental
absorption band. Under ‘he same operating conditions, but at A = 2, Tu, the
measured corcentration of CO, molecules also decreased along the vapor lock.
These findings indicated that COZ is dissociated at 4, 400°K. Thus the agreement
between the cited two sets of data offers a direct method of evaluation of the
kinetics of CO, decomposition behind a shock wa-e. Also, the conclusion was
drawn that asymmetric stretching vibrations of CO; molecules are excited

at 3600 - 4400°K and Mach 11--12 velocities, before the onset of dissociation.
At 3,000°K the excess of ~100°K in measured Ty over vibrational equilibrium
level is tentatively attributed to incomplete excitation of the asymmetric
stretching vibrations,
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Duntsova, Zh, S., I. V, Yershov, V. T, Kireyev, and
Ye. I. Ruzavin, Calculating shock wave propagation and
flow parameters in a shock tube with non-instantaneous
diaphragm opening. MZhiG, no, 2, 1969, 120-128,

A shock wave propagation study is presented which takes account of
the finite opening time of the usual diaphragm in a shock tube. This is done
by calculating propagation velocity v of a shock wave at different openings
of a diaphragm and parameters of the driver ard driven gases in the acceler-
ation region of the shock tube, using the flow diagram of Fig. 1, introduced
earlier by one of the authors, and the methods of characteristics, Calculations

Yig. 1. Flow diagram of a gas in shock tube:

R - expansion wave, S - shock wave, * - critical
section, Q - driver gas turbulence, K - contact
surface, M , - torque, M - drag torque.

were made on assumptions of a quasistationary flow in the tube section between
1 and z, and either isentropic or nonisentropic flow through the quasistationary
section, Assuming an isentropic flow, parameters of supersonic flow at
section z can be expressed as a function of time t by solving a set of equations
of the parameters of driver gas simultaneously with the function f* = f* (t) of
the area of the opening cross-section. The flow characteristics network of
Fig. 2 was used in conjunction with the dimensionless parameters

4 .-t‘.
4 a
P-—, U-_
1 &3 l’. (l)
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to plot v/v__ versus x/7n, a/a_ versusn = (x - x,)/(%Xy, - x,) for the driven
gas, and a%k, u/uk, p/py versus x/xc for the driver gas, under four
different regimes defined by different values of the initial parameters.

[

& £y £y T & &

Fig. 2. Characteristics r.etwork: L - trajectories
of gas particles, ) - characteristics, S,Q,K - same
as in Fig. 1, t* - time of coniplete opening of
diaphragm,

The plots show a significant inhomogeneity in the driven gas parameters at

the conclusion of the shock wave acceleration, and simultaneous absence of

the uniform vapor lock predicted by theory for the driver gas. In the case

of a nonisentropic flow between sections * and z, the calculated v/vp, versus
x/x, plot is in good agreement with the experimental plot and with the plot
calculated for an isentropic flow. This agreement indicates that the contribution
of flow parameter fluctuations to the shock wave acceleration is relatively

small at small diaphragm openings. The experimental density profile of the
driven gas behind a shock wave is also cited to show he effect of noninstantaneous
diaphragm opening.
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Suslov, A. A,, K, I, Seryakov, and L, V. Gurvich,
Apparatus for producing shock waves in cesium vapors.
TVT, no., 6, 1969, 1168-1177,

A shock tube (Fig. 1) is described, which was designed to produce
cesium plasma at pressures up to 10 atm by means of shock waves, The
shock waves were generated in a shock tube, heated to 400 - 600°C and
filled with cesium vapor at 100 - 200 torr, by rupturing a 0. 5-1mm thick
copper foil diaphragm under 100 atm pressure of He or Ar. The operating
procedure and plasma investigation techniques are described in detail.

________

i'TE:ation Halu 0y

Rt = TsVP o

Fig, 1. Diagram of the shock tube:

1 - high-pressure section, 2 - diaphragm,

3 - coupling, 4 - small vaporizer for cesium,
5 - acceleration section, 6 - measurement
section, 7 - fittings, 8 - bellows valve,

A - heating elements; TsVP-100S—diffusion
pump, RVN - 20-——forevacuum pump,

In the experiments, recordings were made of the shock wave velocity, time
sweep of radiation from the shock wave, and emission and absorption spectra

of gas in front of and behind a shock wave. The absorption spectrum of Cg

vapor before diaphragm rupture was also recorded. The shock wave experiments
were carried out under three different regimes, as shown in Table 1,
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Table 1. Experimental parameters of shock waves,
Driver gas, | Initial Cs | Tube |Wave Plasma | Pressure {.:
Regime | p = 25 atm | Pressure, | T, °C | Velocity,[ T, °K | vapor lock,
torr km/sec atm,
I He 30 450 1,4 4200 1,35
II Ar 30 450 0, 85 2700 0, 42
I Ar 10 600 1,0 3100 0,20

Shock wave propagation under regimes I and II was accompanied by a rapid
condensation of Cs vapors behind the si.ock wave, becauss Cs pressure

exceeded that of its saturated vapor at the initial tube temperature, Under
regime III, transmission via the windowe in the section 6 was sharply reduced,
even though condensation could not occur. The drop in luminosity under

regime III can be explained only as the result of a rapid cooling due to energy
loss by radiation. Also, the fact that temperature measured in the vapor lock

by a spectral method was lower than gas '“namic temperature can be attributed
in part to radiint cooling of the plasma., i hus the shock tube experiments
confirmed the value of this method of studying thermophysical properties of a
dense nonideal plasma, although Cs condensation on the walls and racdiant

cooling of gas imp< se a limit on the tolerable increase in pressure and temperature
of the plasma. Addition of a noncondensable gas to the Cs vapor is recommended.

Andreyev, V. P, Propagation of a strong shock wave front
in a two-dimensional problem with a dynamic boundary.
MZhiG, no. 6, 1969, 43-.47,

The non self-similar problem of the uniform propagation of a compression
shock wave is examined in a medium with a movable boundary. The front
initial position x,, its initial velocity €, the mass m, of propagating gas, and
its energy E, are given by Fig. 1. The gas is assumed to propagate in vacuum

-l £, » “

Fig. 1. Two-dimensicnal shock wave model.
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with velocity U,. A set of differential equations is established to describe
propagation of the shock wave front by substituting for the equation of energy
the initial exponential relation between the dimensionless Euler (x) and
Lagrangian (m) coordinates and the energy integral. In a first approximation,
the solution is presented for two boundary cases. In the absence of gas
escape into vacuum, i.e,, a;=U /Co = 0, the self-similar solution of a strong
explosion problem approximates the solution of the stated problem, for any
values of the first two dimensionless parameters @, = mg/Py x5 and

a2 = Ey/Po x, Co, where g, is the density of the unperturbed gas. In the
case of a3 # 0, the solution of the stated problem at dimensionless front radius
R—> w is reduced to that of the problem of a short-duration shock. Then the
dimensionless variable q = c/co is expressed as

¢ = BR® (1)
where
1—p

£ and A ir. (2) are the self-simi’«vity index and an undetermined dimensionless
constant, respectively, The numerical A values for different Ql, Ay a3

and ¥ values provide the link between the self-similar phase of front propagation
and the actual origin of the chock wave, Calculations show that A is only
weakly dependent on a) but varies widely with change in a;. In the non-eelf-
similar phase of propagation, the velocity of the shock wave front initially
increases at high a ; values,

Pataraya, A. D. Shock wave configuration in binary
mixtures. ZhTF, no. 10, 1969, 1770-1773,

A theoretical analysis is given of shock wave structure in binary
mixtures in which the atomic weights of the two gases are substantially
different. The width L of a shock wave in a binary gas mixture is calculated as

L= latme—(np +ny)
- dn ’
(&)... (1)

where

B=n 4y = ny (Ny e V)). (2)
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nyy, 0y, are thc nonturbulent densities of the first gas, with smaller atomic
mass, bafore and behind the shock wave, respectively; nyi, '22 are the
corresponding densities of the second gas; 'N; and N, are the turbulent densities
of the first and second gas, respectively, and ¢ = hu/n 1} Formula (1)

was derived by use of the unified Mott-Smith distribution functione. The functions
selected for the first gas were free of limitations imposed by the parameters

of the medium, Using the selected model functions, the expression for N; was
derived in a first approximation of ¢ in the form

Ny=NO 4+ NO =Ny — 4,1 — 2) 2" (3)

where Nl(l), and Nl(z) are the turbulent denlitiea before and behind the shock
wave, respectively, Using the Mott- Smith function

fy=n,, (N{”F,,-{-N{”F,,). . - (4)

the analogous expression

Ny g, (V0 - NjD) = 1+"“°’z . (5)

was derived for the second gas. Also, a formula was obtained for the relative
temperature (Tl - T,) of the He gases in the first non-zero approximation of €.
Using (1) and substituting Zy=12 /l + Z, for z' in (3), the numerical values of
L for an Ar - He mixture were calculated tobe 4.6 - 9.1 x 10->, in agreement
with the earlier data published in Western sources.

Gorelov, V. A, Probe measurements behind the front of a
strong shock wave in air. ZhTF, no, 1, 1970, 198-205,

‘.

V

' I

A preliminary theoretical evaluation of the method of a double
electrostatic probe to measure electron temperature Te in a shock tube has
indicated the possibility of using this method in the case of a probe diameter
d greater than the mean free path A {,e of an ion or electron, The applicability
of the method was tested in a shock tube experiment by comparison with the
method of spectral line reversal, A sinusoidal voitage of 150-200 kHz was
applied to the probe placed in the tube channel 200 cm distant from the _
diaphragmless discharge chamber, The air pressure in the tube was p = 0.5-1,0
torr, Mach number Mg of the shock wavé =20 and initial temperature T, = 6000°K,
The Ip-Vp characteristics of the probe were plotted for time intervals of 2.5 and
3.3 u sec at f = 200 and 150 kHz, respectively, The cited frequencies satisfied
the criteria of quasistationary response of the probe, hence met the necessary.
condition for mathematical exploitation of the Ip-Vp characteristics. Te
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calculated by different methods using the Ip-Vp, characteristics are given
in Table 1,

Table 1. Electron temperature behind a strong shock wave,

Method of T, determination Ty K
From the slope of the curve 1In (zli/Ie -1)=f (Vp) 5400
Equivalent resistance method 5500
Interception method 5000
From the half-widtk of the ¢ (Vp) curve 5800
Theoretical equilibrium T vilue 5200 - 5700
Spectral method 5500 + 200

In addition, the averaged experimental T, = f (t) plots at 0.5 and 1.0 torr

showed that T_ in the vapor lock increased in the same time as theoretical T,
'Thus the probe meti:od gave reliable Te values accurate within 15%, in agreement
with theory. The accuracy is sufficient for a qualitative study of T, versus

time dependence. Also, a theoretical analysis of applicability of the method

to ng measurement indicates that the estimated experimental n, should be of

the same order of magnitude ar the thcoretical n, value.

Zhikhareva, T, V., and G. K, Tumakayev, Kinetics of
initial ionization of a nonatomic gas behind a shock wave front,
TVT, no, 1, 1970, 40-45,

The effects of radiation from the equilibrium region and of atom-atom
collisions during initial ionization of Ar, Xe, and Hg atoms behind a shock wave
front are examined, to rescive the controversy about the relative importance
of these two ionization mechanisms. Using a general expression (dne/dt),.q4
for the rate of electron formation owing to radiation in a given continuum, the
authors calculate the rates By, B, and B] of electron formation by absorption
of resonance_ radiation at A = 2537 and 1850X from the equilibrium region and
at A = 2537 A from the relaxation region in front of the shock wave, respectively,
The analysis of tl'ae summary B variations over the relaxation region lead to the
conclusion that B; < Bl + By, hence B, can be disregarded in a comparative
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evaluation of the theoretical and earlier experimental n, values for Mach
numbers M = 8-14, The evaluation showed that the radiation mechanism
cannot explain the experimental n, values for Ar and Hg over the entire range
of M, nor that of Xe at small M. In addition, the experimental activation
energy of the reactions

&

A + ’l"o ": /;., (l)

[ 4

PN GG RPN (2)

was twice the theoretical value for all three gases in the range of T, = 9,000 -
18,000°K behind the shock wave and at an initial 3 torr pressure. Hence the
role of radiation in the initial ionization {s evidently limited. In contrast,
theoretical values of activation energy of the reactions

L
A4+ A= 804 4,
i £ d . (3)
) *b
A+ At e+ 4, (4)

involving atom-atom collisions were in good agreement with the corresponding
experimental values for a concentration N, of normal atoms 1017 ¢m-3,

This fact confirmed the predominance of the (3) - (4) mechanism of initial
ionization of the studied gases. The excitation and ionization cross-sections
of the Hg atoms excited by atom-atom collisions were also calculate: from the
experimental electron, normal, and excited Hg atom concentration distribution
over the relaxation zone.

Vasil'yeva, R. V,, K, V. Donskoy, B. M, Dobrynin,

V. Kh, Manerov, G. K. Tumakayev, and V, A, Shingarkina.
Ionization of inert gases behind a shock wave front. ZhTF,
no. 3, 1970, 605-611,

Ionization of Ar, Kr, and Xe was studied in a shock tube at Mach
numbers M = 6 - 10 and an initial pressure Py in a low=pressure char..ber in
the 10 - 200 torr range. The methods of electrical conductivity ¢ and intensity
Jy of emission continuum were applied. Conductivity 6 of the plasma was
measured by an induction technique using two resonant circuits simultaneously,

each composed of a solenoid and a capacitance, The accuracy of ¢ measurements
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was 20%. The emission spectra of gases behind a strong or a weak shock wave
were obtained by means of a STE-1 grating spectrograph and an ISP-51

prism spectrograph, respectively. Absolute J, of emission was measured
simultaneously in three spectral regions from photographic recordings of a
spectrum, Oscilloscope traces of emission pulses and circuit voltage variations
were recorded by a Cl - 33 five-beam oscilloscope, The experimental g data

for Ar, Kr, and Xe were found to be in good agreement with the theoretical ¢

at high M, i.e. at a high atomic temperature T and ionization gegree a> 10",
However the experimental 0 data at low M, e.g., at T < 5,000 K and pp = 50 torr
for Ar, at T < 6,00001( and p, = 10 - 200 torr for Xe, were significantly Ligher
than ¢ calculated on the basis of ionization theory of mono-atomic gases. 7The
discrepancy between the experimental and theoretical ¢ of Xe increased with
decrease in T and increase in p,, reaching one order of magnitude at T = 4, 000°K
and p, = 50 torr. The experimental o of Xe at low T was independent of p,,

in contradiction with theory. Also, the J, of Xe at T < 7,000°K was significantly
higher than J, predicted by the Unsoeld-Kramer theory. The observed
discrepancies ino and J, data at low M cannot be the effect of ionizable impurities,
because the measured concentrations Ne of charged Ar and Xe particles exceeded
the measured Ne of the impurities, Poessible the high o of Xe at low M could

be explained by associative ionization; the measured ionization energy of Xe

in the 4,000 - 5,000°K range was 10.5 + 1 ev,

Gorelov, V, A,, and Yu. K, Frolov, Temperature
meisurements behind the front of a strong shock wave in a shock
tube with electrical discharge. ZhTF, no. 4, 1970, 825-832,

The air temperature T behind a shock wave propagating at a rate
Vg4 = 4-9 km/sec in a diaphragmless shock tube with electrical discharge (EDST)
was measured by the unified method of spectral line reversal. At the cited V
and initial air pressure p, = 0.3 - 1,0 torr, experimental evidence was obtained
of formation of a hot vapor lock behind the wave front simultaneously with
eeparation of the shock front from the gas discharge plasma. The described
method of T measurement was modified by introducing an additional thermometric
admixture (BaCl,) in the gas discharge channel to improve the accuracy in the
case of a short-lived (2 - 15 u sec) vapor lock and a low (~10-5 g/cm3) gas
density at T = 4,000 - 10,000°K, A time resolution of about 2usec was thus
achieved. The vaporization products (mainly H) of paraffin from the walls of
the EDST sered as a driver gas. The experimental apparatus included a
DKSSh-1,000 Xe flash lamp as a reference source; a lens system; a DFS-33
autocollimating spectrometer, and DESO-1 and OK-17M recording oscilloscopes.
At vg > 7 km/sec pulsed current was applied to the flash lamp in addition to
dc. The Ball 4554 line was used for T .measurements. Shock wave velocity
was measured with 2,5 - 3% accuracy. The T measurement data are shown
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in Fig. 1 where the curves rep:'esent theoretical T = f (Vg» P)e The accuracy
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]

Flg. 1. T versus V, plot. The points denote
experimental T values obtalned with dc excitation
of DKSSh-1000 (1,2 - p5=1; 3,4 p5=0.5 mm
Hg; 2,4 - average values of several experiments)
or with pulsed excitation (5 - p, = 0.5, 6 - Po =
0.3 mm Hg).

of T measurements was 3 - 4% for T < 7,000°K and 6 - 10% with pulsed
excitation of the flash lamp. The oscilloscope traces of T = f(t) at Po = 0.5 and
1.0 torr, Vg=6-"and 5-5,5 km/sec show that T remains constant during
~ 30% and less of the vapor lock life time, then increases by 10% toward the
end of the lock, Thus T values measured in the area adjacent to the wave front
agree well with the theoretical values over the studied range of V, and p,, but
T is not uniform along the vapor lock, This latter finding must be accounted
for in gasdynamic experiments using the full length of the lock.
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Zagorodnikov, S. P,, G. Ye. Smolkin, Ye, A. Striganova,
and G, V, Sholin, Study of collisionless shock waves in
magnetized plasma. ZhTF, no. 4, 1970, 717-727.

Experiments are described with magnetized hydrogen and helium
plasmas in which collisionless shock waves were generated by trapezoidal
magnetic pulses with a rias time To =(3-5)x 10-8 sec, lifetime T = (2.5 - 5) x
10-7 sec, and amplitude |H|= (1 -1.5) x 103 oe. The pulse train was generated
by an impulsing coil in the center of the UV-2 discharge chamber. In all
experiments designed to study the mechanism of turbulent heating cf plasma,
magnetic field H of the first prlse was parallel to the constant magnetic field
Hj in which a plasma was generated by an electric discharge. The magnetic
field profile in a shock wave was recorded and mugnetoacoustic perturbations
were observed at different Alfven-Mach numbers My = U/Up by means of
miniature probes introduced into the discharge chamber. Typical profiles
in hydrogen plasma (Fig. 1) exhibit two shock waves of nearly equal amplitude
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Fig. 1. Magnetic field profiles in a shock
wave near the axis of the plasma column,
1-My=152-4,

in the first and third half-periocs of the magnetic ""piston" at a relatively low
MA, and only one shock wave at high M,. In addition, at high My a specific
irreversible process is observed in both H and He plasmas in the second half
period of *he '"piston' action at IHI > 2 'Hl" Elcctron temperatures Te) and
Te2 in front of and behind the shock wave were determined by measuring line
intensity of the plaama recombination spectrum and from the intensity ratio

of Hell 46868 to Hel 50168 spectral lines, or by a calorimetric method.

The temper: cure jump AT,g = Tep - Tg in the shock wave front increased with
increase in My, because of the increase in Te2 to a value >100 ev. A spectral
analysis of the magnetically confined plasma in the field with mirror geometry
excluded the effect of impurity ions and atoms on the shock wave profile and

A Te. The observed irreversible process and AT, increase at increased
Mp > MJ critical = 2 ean thus result only from the turbulent collisionless

diesipative processes caused by the increase in |ﬁ|of the alternating magnetic field,
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Kurtmullayev, R, Kh., V., I, Pil'skiy, and V., N, Semenov.

Study of electron heating in the pl2sma behind a shock wave
front by a probe method. ZhTF, no. 5, 1970, 1044-1047,

Respective merits and limitations of the openloop and tube-enclosed
probes used in measurement of rapidly varying magnetic fields are discussed
in the light of cited earlier experiments. These preliminary experiments
with collisionless shock waves revealed that the open loop probe is more
suitable than the probe enclosed in a tube, because the signals from the latter
are delayed and their amplitude is greater in comparison to the signals from
the open loop probe., In addition, the cited experiments indicated the possibility
of utilizing the difference between signals recorded from the two probes to
evaluate electron temperature nT, behind the shock wave front. In the
described experiments, nT, was measured in H, Ar, and Xe plasmas of initial
density ng & 5 x 1010 .5 x1014cm=-3ina quasistationary magnetic field
Ho = 200 - 2,000 oe at relative amplitudes h~2 - 6 and Mach numbers
M~2 - 4, A good agreement was revealed (Fig. 1) between the experimental
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Fig. 1. Electron heating versus amplitude

in hydrogen plasma: 1 - Hugoniot adiabat;

2,3 - computer data; 4 - experiment,
v=05/3,

nt(h) points and the Hugoniot adiabat up to h& 2.7, as well as between experimental
and computed data which take into account the norstatior.ary state at hx2,7.

The decay of the experimental curve at h > 3 coincides with the M > critical

M condition. The decrease in electron heating at M > Mcr is tentatively explained
as the cffect of the shock wave reversal, accompanied by an increase in ion
heating behind the front, The data confirmed the applicability of the probe method
to recording of electron diam: znetism in a highly inhomogeneous plasma with
rapidly varying process para.neters in a strong applied field., Limitations of the
method are connected with cooling of the plasma along magnetic lines of force
perpendicular to the probe cross-section, and with dimensions of the probe. The
accuracy and sensitivity of the method can be increased by the use of a compensation
scheme which would sum the measured differences between two signals.
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Smekhov, G, \i,, and Yu. S. Lobastov. On the
initial stage of argon ionization behind a shock wave
frout. ZhTF, no. 8, 1970, 1660-1663,

A "cut-off" variant of the microwave diagnostic technique is described
in experiments with recording of electrons in an electromagnetic wave
(A~ 8,5 mm) reflected from ionized Ar in a shock wave. In the described
shock tube experiments, the electron concentration in the plasma was assumed
to be N =0.9n r = 1.5 x 1013 cm=3; time resolution of the apparatus was
measured to be fp, sec. In contrast to some earlier measurements, the
experimental time in which ny; concentration is attained was judged to be
reliable, because of its low sensitivity to the v /@ parameter, where v is the
effective frequency of electron-atom collisions and w is the angular frequency
of the incident electromagneti: wave. The experimental rise time ty versus
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Fig. 1. Rise time of electron concentration to
ng=1.5x 1013 ¢cm=3 behind a shock wave front
versus temperature. Time (in a coordinate system
coupled with moving particles) is based on an
initial pressure P, in the shock wave = 5 torr,

-1 plot is shown in Fig., 1, Assuminga two-step mechanism in ionization
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of argon atoms, i.e,

Arddir = 0 -- (1)

PR LB R LI L, (2)
the theoretica} electron concentration | ¢ ] was found to vary linearly with time,
if (kz [Ar Mie ty: thet (T) dependence corresponded to an excitation
energy E” = 11,5 ev. In the case of (kp [Ar])"l > tyy [e] varies as t¢ and
the ty; (T) dependence corresponds to E* = 7,9 ev. Iq‘he slope of the experimental
plot (Fig. 1) is 8.2 ev. Thus the experimental data indicate, in contrast to
a cited earlier study, a two-step initial ionizatlion by an atom-atom collision
mechanism, and a temporal riaelgn electron concentration behind the shock
wave front to a level of 1,5 x 10" “cmi~~, following a square-law.

Karpov, V. P. Determination of acceleration of combustion
when a shock wave interacts with a flame, FGiV, no. 4,
1970, 504-509,

Experiments were performed in cylindrica) ccombustion chambers using
mixtures of oxygen plus methane, propane, hydrogen aud acetylene., The shock
wave introduced in the chamber deforms the flame front immediately upon
contact, converting the laminar flow to turbulent flow, and thus increases the
combustion rate, forming a second shock wave. Formulas are presented for
determination of the increase in combustion rate in the flame front as a result
of interaction with the shock wave.

Mozzhilkin, V., V., Fal'kovich, S. V. Propaﬂe_l!ion of shock
waves in channels of variable transverse cross section, IN:
Sbornik, Transzvukovyye techeniya gaza, Saratov, Saratov
University. No, 3, 1971, 3.11, (RZh-Mekhanika, 8/71, #8B183)

Self-similar modeling of polytropic gas flows with shock waves in channels
where the cross section varies according to a power and exponential law is
discussed. It is shown that there esist self-similar flows with discontinuities
of constant intensity. A sequential approximation method is proposed which has a
fairly good accuracy even in the first approximation,
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Yakushev, V., V,, O, K. Rozanov, and A, N, Dremin.
Measuring polarization relaxation time in a shock wave,
ZhPMTF, v. 54, no. 2, 1968, 396-400,

This paper gives a description of some refinements in measuring
shock-induced polarization changer in dielectrics, a phenomenon first reported
by Eichelberger and Hauver (Les Ondes de Detonation, Paris, 1962), In
particular a method was devised of interposing a foil sensor element between
plane dielectric elements to detect polarization relaxation characteristics,
following passage of the shock wave through the dielectric. Relaxation was
clearly observed for explosion-generated shocks in plexiglass and vinyl plastic
dielectrice. In plexiglass the mean relaxation time over a compression range
of 100 - 170 kbar was about 1.1 i 8ec, compared to 0.15 u sec for the vinyl,

. | "WI

Fig. 1. Shock polarization rise and decay in plexiglass,
t, - shock wave enters first dielectric wafer; t; - wave
exits first wafer at foil pickoff; t - wave enters second
dielectric wafer. Scale = 0,25 u sec/main division.

Figure 1 shows a typical polarization and relaxation julse for a 2 mm thick

plexiglass specimen. This technique could be extended to dielectrics of a wide
range of relaxation times.
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Dremin, A, N,, K. K. Shvedov, ard O. S. Avdonin,
Compressibility and temperatures from shock loading
of various porous explosives. FGiV, no. 4, 1970,
520-529,

Tabulated results are given for shock adiabats and other explosion
characteristics of porous specimens of hexagene (1 g/cm3), tetryl (0.86 g/cm3),
TEN (0,82 g/cm3), and ammonium nitrate (0. 86 g/cm3). The measurement
method proposac by Veretennikov et al (FGiV, no. 3, 1969) was used as being
the least subject to experimentzal error in rapid explosions of this type, The
method yields shock compressibility from simultanecus measurement of mass
velocity at the shock wave front and wave front velocity, using an electromagnetic
sensing element, and assumes a rectangular shock wave profile, Mass velocities
ranged from 0.44 - 3.5 km/sec and wave front velocities from 1,4 - 6.5 km/sec
for the tested explosives.

Stepanov, G, V., Influence of barrier temperature on
the depth of the crater formed by the impact of fast-moving
particles. ZhTF, no, 3, 1970, 612-614,

The calculation method used and the results obtained are presented
for an experimental investigation of the influence of barrier temperature on
the depth of a crater formed by the impact of spherical particles, Graphs
are given for experimental points which correspond to conditions whereby
incandescent steel balls and balls made of other materials were impacted into
a target consisting of a lead mass at temperature ranges of 20 - 200°C.
Analysis of the graphed results indicates that the change in crater depth as a
function of barrier temperature is determined by changes in the dynamic

hardness of the impacted material as well as by the compressibility characteristics

of the impacting bodies,

Adadurov, G, A., A. N, Dremin, and G, I, Kanel',
Snlit-up of shock waves in porous KBr. FGiV, no. 4,
1970, 529-532,

The authors describe experiments on shock wave propagation through

porous potassium bromide. The tests were concentrated in the KBr density
range over which phase change occurs during wave propagation, resulting in a
split of the shock wave into two components. Shock wave velocity and profile
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were measured for KBr in the range of 2 to 2,7 g/cm3; the sensor was a moving
e-m pickoff in an external magnetic field. Explosive pressure on the specimen
was regulated from 30 - 40 kbar by altering the density of the explosive charge
(TNT - talc, 50/50). Limit conditions on the split-wave mode are discussed;

for example, below a specimen density of 2 g/cm3, it was imporsible to
distinguish two discrete shock waves, A comparison of the results with shock
adiabats for dense media is also given.

Dremin, A, N., and O. N. Breusov. Physico-chemical

processes caused by shock compression, VAN, no, 9,
1971, 56-59,

A general qualitative review is given of the phenomena occurring on
passage of a shock wave through various solid media., At the present state-of-
the-art, studies on these effects mcy be broadly divided into two categories:
investigation into physical effects during the course of shock \‘ropagation, and
physico-chemical studies of macroscopic changes in the host material after
passage of the wave, The authors consider mainly the second category, and
discuss the effects of temperature, shock pressure and microstructure of the
material on the changes which may be induced. The possibilities of extrapolating
present techniques such as explosion-hardening of metals and shock polymerization
are considered; examples of shock polymerization are cited as illustrations and
some anomalies in the results are discussed. Shock-generated reactions are
also cited as a simple way of generating very high local temperatures. From
the abundance of defects often arising in these cases, the effecta may be
considered analogous to those from hard radiation.

Yampol'skiy, P. A. Propagation of shock waves in organic
monomers and polymers. (Seminars of the Institute of
Mechanical Problems.) MTT, no.4, 1971, 199,

The author notes that the effect of a shock wave in organic solids,
particularly those in which chemical reactions are difficult to obtain, can
produce very effective reactions. In such cases a significant volume of material
may be made to react in the order of a few microseconds; an example cited
is the shock polymerization of acrilamide. In such a case temperature may
be assumed to play no part in the reaction; the major dynamic effect would
appear to be shear of material particles within the shock v.ive. A combination
of static and shock wave pressures may thus be used to achieve a desired type
and level of polymerization.
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Mardukhayev, I. R. Determining the location of an
inflection point in a T(e) diagram for the case of a
transverse shock. IN: Volny v neuprugikh sredakh,
1970, 153-157,

The author analyzes the special case of the stress T vs, deformation ¢
relationship for which the T(e¢) curve will have one or more inflections, as is
the typical case for polymers and some plastics. The presence of an inflection
poirnt in the curve is taken as the criterion for shock wave generation in the
Liaterial. Depending on the material, the shock wave may or may not be preceded
by a Riemann wave, It is shown that if ths T(¢) characteristic is known up to
an inflection point, it may be extrapolated further. Numerical examples illustrat-
ing the method are given for transversely-stressed polyvinyl, rubber and kapron,

Mar'yamov, A, N, Self-gimilar convergent shock wave
in metal, IN: Volny v neuprugikh sredakh, 1970, 157-161

It is shown that the solation of the problem of a converging shock wave
in an ideal gas can be adapted to the analogous case of shock wave propagation
in a metal, From the equation of state for a metal and an expression for
differential entropy using the limiting value of the Gruneisen parameter (I = 2/3),
the author establishes that the cited equation of state is an analog cf the case of
a converging shock wave in an ideal monatomic gas for shock adiabat vy= 5/3, It
follows that the distribution of flow parameters behind the shock wave in metal
is analogous to that in the ideal gas, with the exception of temperature effect:
this contribution may be calculated from a separate expression. With the intro-
duction of an asrumed self-similar parameter, it is then possible to obtain
expressions relating wave front velocity to pressure and density at the wave f:ont,
Numerical examples are given for some typical conditions.

Boronin, A, P., Y:. A, Medvedev, and B, M, Stepanov.
Short-wave r-f emission from an explosion shock wave,
DAN, v, 192, no. 1, 1970, 67-70.

A technique is described for recording and analyzing shf emission from
the region behind an explosive detonation wave., The main object of this method
is to enable determination of ion and electron density behind the shock wave as
a function of time after detonation, The explosive used was spherical charges
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of TG 50/50, in amounts from 50 to 600 g; the rec-.ving antenna was a rod type
placed 1.5 m from the explosive charge. Emission was recorded in the 1 to

100 MHz range; below 1| MHz the local radio noise level was too high for explosive
signal detection. A characteristic feature here was the lag in signal appearance
(to) following detonation. This is attributed to (e shielding effect of explosion
products and plasma behind the wave front, v.nich is more pronounced for the
higher frequencies. Lag characteristics as = ‘unction of explosive charge size
are seen in Fig, 1 for three detected frequencies. The curves generally
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Fig. 1. Lag characteristics of explosive
emission,

satisfy the relation

ta=B(ymh, - (1)

where f is frequency and m is charge mass. The paper is concerned only with
analysis of the radiated signals and does not consider their generation mechanism.

Bogomolova, L. A.,, V, A, Gridneva, and I, Ye. Khorev.
High velocity impact between solid bodies having identical
physical parameters. ZhPMTF, no. 3, 1971, 94.98,

Solutions are obtained for the one-dimensional problem of high velocity
impact between a projectile and a semi-infinite target area. The analysis
assumes the case of identical materials in both elements, and derives expressions
for the shock propagation within them for ‘he velocity range of 2 to 6 km/sec.

The problem is treated in two stages; the first starts at the moment of impact
and assumes plane shock waves of constant intensity propagating through both
elements. The second stage begins upon reflection of the shock wave back from
the exit surface of the projectile, and extends until the shock processes decay to
zero. The problem is solved from equations of state in the form p = p(p, ¢), in
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which p is preasure, p is density and € is unit internal deformation energy. For
the first stage this is done analytically; for the second stage where wave inter-
actions must be accounted for, salutions are obtained by the finite-difference
method of Richtmaier using a BESM-4 computer, The authors thus obtained
shock adiabats for Al, Pb, Cu and Fe from which propagation velocities were
calculated. Fig. 1 shows close agreement of the results with .experimental data
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Fig. 1. Relative shock velocity in metal,
calculated; ----- experimental

of Al'tshuler et al (ZHETF, v. 58, no, 4, 1960), The method can also be
extended to the case of a target of finite width, rather than the unbounded width
assumed in the present article.

; ! I
Krasovskiy, A. Ya, Effect of the viscous drag coefficient
in dislocations on attenuation of a plane shock wave, FTT,
no. 6, 1970, 1834-1836,

, ‘ , ,

The author considers the attenuation of a shock wave in a solid in terms
of the drag coefficient of the crystal lattice through which the wave is propagating.
The drag is a viscous type obeying the relation f = Bv, where f is drag psr unit
dislocation length, v is dislocation rate and B is drag coefficient, Analytical
values of B/N are obtained, where N is density of moving dislocations, and
compared to shock wave results from other experimental data, Discrepancies
between theoretical and experimental values of B-are ascribed to some incorrect
assumptions concerning dislocation motion behind the shock wave. The data also
show that over a range of 100-600°K, temperature has no measurable effect on
density of moving dislocations resulting from'a shock wave.
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Alekseyev, Yu, L,, V. P, Ratnikov, and A, P. Rybakov.
Shock adiabats of porous metals. ZhPMTF, no. 2, 1971,
101-105,

Physical effects occurring in passage of a shock wave through porous
metal are discussed, assuming air in the interstices between metal particles.

' Shock adiabats in terms of volume, mass velocity and compression are obtained

for the case of multiple shock wave occurrence in the medium, and in the general
case are given by

V‘=V+(k—i)(;T_:)’V. (1)

11 7118

= +e-9(15) (2)
r 4 'y

u® == [“""(T—-:_ii‘("'"‘)"v"l (3)

in which V = unit volume, k - porosity coefficient, 0= relative compression,
u = mass velocity, p = pressure, and ¥ = adiabatic index of air. An asterisk
indicates the porous combination; other terms apply to the metal alone. From
these expressions the authors calculated the curves of Fig. 1 for Cu, Ni and W,
which were in fairly good agreement with experimental results, Additional data

(LY ]

Fig. 1. Shock adiabats of porous W, Ni, and Cu,

are given on the unloading characteristic of porous copper, starting from a shock
pressure of 485 kbar. The poss.ole contributions of interstitial air heating or
cooling and of surface vaporization from metal particles are also considered.
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Zubarev, V, N. Shock compression of piezoceramics.
ZhPMTF, no, 2, 1971, 106-110,

Shock adiabats and shock effects on electrical characteristics of a PZT
piezoceramic are given and the test techniques described. The piezo element
tested was Pbo. 95 Sro. 53(Zr0. 53 Ti0.47) +1% NbZOS by weight., Tests were
done by a shock wave reflection method over a dynamic range of 100-470 kbar,
with piezocurrent and dielectric constant being recorded over this range. The
shock-induced changes in these parameters, particularly in conductivity, can
be seen from Table 1. A general increase in density from 7.35 to 7.8 g/cm3
was observed, although x-ray analysis showed that crystal structure and lattice
parameters were unaffected by the shock loading., However, shock compression
at this level was found to completely depolarize the test specimens. It is
concluded that shock depolarization star*s at about 5 kbar and increases as a
function of dynamic pressure.

diel. constant,

P, kbar € x10-3 Ax 103/ohm cm
105 4.3+0.4 4.5+ 0.5
149 4.6+ 0,4 6.6 +0.9
278 9.6 +5 22 + 2.5
332 11 40 + 15

467 -- 100

Table 1

Al'tshuler, L. V,, and M, N, Pavlovskiy. Electromagnetic
method for determining density behind colliding shock waves.
ZhPMTF, no. 2, 1971, 110-114,

An inductive pickoff method is described for determining shock compress-
ion from opposed shock waves. The method proposed by Al'tshuler et al has
been reported in earlier tests (Al'tshuler, L. V. Uspekhi fiz, nauk, v. 85, no. 2,
1965). The method, shown in Fig. 1, uses a rectangular coil whose plane is
normal to the shock wave plane, placed in a transverse magnetic field, so that
shock compression is registered by an induced voltage as the coil deforms. With
this technique the authors obtained compression characteristics for paraffin, clay
and crystalline KCl and NaCl. The p, ¢ adiabats for these materials are given,
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Fig. 1. Shock compression sensor.
1 - explosive; 2 - paraffin shield;
3 - specimen; 4 - coil,

where o is compression factor, at levels up to 400 kbar. Both synchronized
and staggered detonation timee were used for the opposed charges, resulting in
single or multiple shock wave action,

Stepanov, Yu, S, Interaction of high velocity microparticles
with a system of polymer obstacles. ZhPMTF, no, 2, 1971,
115-118,

A statistical study is described of the cratering or perfurating action
of high-velocity microparticles on a variety of polymer target combinations, as
well as on aluminum foil, The impacting particles were glass pellets on the
order of 100 microns in diameter; particle velocities up to 21 km/sec are
mentioned, An approximately normal distribution of crater dimensions, or hole
diameters in the case of the foil, was obtained, Target materials were two
variants of polyethylene; tests were done in a vacuum charaber, A definite
peaking in pellet penetrating action as a function of velocity is analyzed, and can
be ascribed to the increased effects of temperature on the impacting bodies at
higher velocities. Thus for glass pellets in the cited tests the critical velocity
was approximately 10 km/sec for 95 micron pellets impucting onto polyethylene;
at 21 km/sec pellets deteriorated more rapidly on contact and lost much of their
penetration capability.
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Bagdoyev, A. G. Determining nonlinear equations
of motion of a medium in the vicinity of shock wave contact
points. DAN ArmSSR, v, 52, no. 4, 1971, 201-208.

The problem ’s attacked of defining the motion cf a compressible
medium in the vicinity of conjunction of a weak shock wave and a diffracted or
point wave, as indicated in Fig., 1, The treatment applies to reflection of shock
waves from an obstacle forming the angle O in the figure, as well as to penetration
of shock waves or solid masses into a liquid, The motion is expressed by a

Fig. 1. Wave conjunction model.
AB - shock wave; BBl - diffracted wave;
OA - surface of medium,

system of nonlinear hyperbolic equations, for which solutions are obtained by

various linear simplifications and substitutions, The analysis is extended to the
case in which the medium is a compr2ssible fluid.
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Skripov, V. P, and P, A, Pavlov. Explosive boiling
of liquids and fluctuating nucieation, TVT, no. 4, 1970,
833-839.

Explosive boiling of water and some twelve organic liquids (ethers,
acetone, benzene, aliphatic alcohols and hydrocarbons) was studied
experimentally to ascertain the role of fluctuating centers in vapor generation
in the near-wall layer of a superheated liquid. A large volume of a
liquid +'as heated at variable high rate by an immersed Pt wire connected
in a bridge circuit with a rectangular pulsed current sousce. Heating pulses
and fluctuations in wire resistance as a function of its temperature were
recorded by a dual-beam oscilloscope, and microphotographs of the wire
were taken at different times from the start of heating. An avalanche-type
increase in the number of spontaneous bubbles on the wire surface in water
corresponded to an anomaly in the oscillogram recorded at 30:°C. At
atmospheric pressure some bubbles always appeared in the came spot on
the surface at a definite temperature most probably at the available boiling
centers. Others appeared at random in suddenly increasing numbers which
caused explosive boiling. Each liquid had its characteristic threshold time

T, of heating up to explosive boiling temperature. Only at heating times

t* < t, was explosive boiling observed, where temperature T* is weakly
dependent on heating rate. The experimental T* agreed with T* calculated
from the theory of homogenecus fluctuating nucleation for each experimental
frequency of spontaneous nucleation. Thus the explosive pattern of boiling
was experimentally produced by heat transfer from a solid wall. The
fluctuating centers of vapor formation then determine explosive patterns of
boiling.

Aleksandrov, A, F,, V. V. Zosimov, A. A, Rukhadze,

V. I. 3avoskin, and I. B. "imofeyev. A possible mechanism
of pinched high-current discharge in the atmosphere. KSpF,
no. 8, 1970, 72-78.

The experimental time-dependences of temperature T and radius
rd of a rapid discharge in the air at atmospheric pressure are given and
compared to a model of high-current discharge introduced by Easov
et al [ ZhTF, v. 40, 1670, 516 ]. The discharge at a 15 kv potential
was initlated by explosion of 8 cm long silver wires, which produced a 20u sec
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periodic current with F = 5,6 x 1010 amp/sec. The r4(t) plot determined
by high-speed photography shows the pattern cf discharge channel
expansion to have two stages: the first ata ~ 4 x lO5 cm/aec rate, the
second, after 5u sec at a practically steady ~5 x 104 cni/sec rate, A
time s'/eep of the discharge spectrum indicated an oscillating pattern of

T (t) dependence in the region of blackbody radiation near the current
peaks. According to the proposed interpretatior, the first stage of
discharge is described by a thermal wave model, and the second stage can
be correctly represented by the ""high-frequency' pinch model roughly
equivalent to vacuum pinch, described by J (t) = Jeff (t). Consequently,
the radius R of the disch:rge channel is determined to a first approximation
by Jeffe Theoretical R (t) and T (t) dependences calculated from Basov's
and the authors' formulas agreed with the experimental R (t) and T (t).

Lebedev, S. V. Phenomena associited with electron
etiission from "exploding wires' in the process of melting.
TVT, no. 2, 1970, 252-259,

Two series of experiments were conducted to explore the earlier
observed anomalous pulsed current I flowing in a vacuum diode from a
tungsten filament to a collector, for the case of high-density filament
curreut, In both series, 0.9 - 5.5 mm long wires were heated by a
current density j in the 6.2 x 109 - 2,1 x 1010 a/m?2 range and oscillograms
were recorded of the emission current I and photocurrent before and
during melting of wire, In the first series of experiments, the collector
was kept at a potential V < V.5, at which magnetic field H of the filament
current i prevents the flow of electrons to the collector. In this case, I
was triggered at a time tg by switching off i prior to melting. Switching
on i again at tg < ty, (tm = time of initial inelting) made I reappear inspite
of the presence of H and reach a peak at tye Thus the earlier observation
was confirmed of I existing in an inhibiting field H before and during
melting, Generation of a pulsed I (t,,) in an inhibiting H at V < V oy nay be
explained as the result of interelectron collisions, In the second series of
experiments, at V > Ver and in the absence of discharge at t,,, I (tg)
and I (ty,) spikes and a depression of I before the I (t,,) spike were observed.
The depression was explained by the eifect of W vapors or liberated gases
on diffusion of electrons at increasing density. The effect of ionization

of W vapors or gases on the wire surface a\ t >~ t,, was shown to be insufficient

to generate pulsed I (t_ ) in the absence of diccharge. The results were
interpreted in terms of anomalous emission due to generation of crystal
lattice defects. The cbserved pheromena may be of interest to the study
of electric breakdown in vacuum,
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Lebedev, S. V,, A, I, Savvatimskiy, and Yu. B. Smirnov.
Measurement of the heat of fusion of refractory metals.
TVT, no, 3, 1971, 635-638,

The heat of fusion E¢ of pure Ni, W, Ta, Mo, and Pt; type 20
steel; MV-50 (Mo:W = 50:50), BP-20 (8% W, 20 % Re), NIVO-25
(61-63% Ni, 24-26% W, balance Fe), NIMO-25 (66-69% Ni, 25-28% Mo,
balance Fe), Kh 20 N 80 (80% Ni, 20% Cr), and NMts 5 (4. 6-5. 4% Mn,
balance Ni) alloys was measured by the method of '"electric explosion.,"
Metallic wires approximately 1 cm long and 0.05-0.,1 mm dia, were
rapidly heated in air at atmospheric pressure by a rectangular pulsed
current of densities from (1,5-4) x 1010 amp/mz, and iR and ir drops
across the wire and a standard resistance r , respectively, were measured
from photographs of the VR (t) oscillograms. The average random error
of Ef measurements varied from 2-6% depending on the metal, In addition,
the maximum systematic error due to the equipment used was estimated
to be 8%.

Some measured E; values of the pure metals agreed with the
literature data, while others differed considerably, presumably on account
of unreliability of the experimental data from cited literature. The measured
resistivities at melting point in t.» solid and liquid states were in agreement
with the literature data, It was concluded that the method used gives sufficiently
accurate values of Ef and electrical conductivity of metals and alloys, in
comparison to data from stationary measurements.

Arkhangel'skiy, N. A, Algorithm for numerical solution of
a cylindrical explosion allowing for counter-pressure, by
the net-point method. ZhVMMF, no, 1, 1971, 222-236.

Propagation of an intense cylindrical shock wave through a stationary
perfect gas is described by a system of nonlinear equations as follows:

du ap p du or i
— = = —+4+B—+N=0, A—=—,
ot iy 4 dn 0, f’n+ 6n+ on P (1)

]
\ — =) =
at(”." )=0,
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Here the partial derivatives of dimensionless variables u, T, p, ., T,

and p are functions of pressures P, and P, densities R, and R, and

released energies E; and E at the times 0 of explosion onset and t,
respectively, and Lagrangian coordinates. Gas motion was assumed to

be adiakatic, since heat dissipation was not accounted for. Initial conditions
at Tt = 1, and boundary conditions in the center and for the shock wave

were formulated to solve (1) for u, p, r, p, and cgw (shock wave velocity)
as functions of  and t at a given Poisson adiabatic e:cponent Y, System (1),
with allowance for counterpressure, was reduced to a system of difference
equations which were asymptotically solved by the net-point method.

Solution of the difference equations was obtained by iteration using successive
calculations at each iteration step; only two iteration steps were required,
The described algorithm was applied to numerical computations of the
cylindrical wave problem at ¥ = 1,4and Y = 5/3,

Alenichev, V, S,, M, A, Mel'nikov, and T. N. Barchenko,
Exploding wires as a source of shock waves in water. Ellektronnaya
obrabotka materialov, no. 1, 1971, 32.35,

The pressure P at the front of a shock wave generated in water by
electrical explosion of copper and constantan wires was measured as a
function of different pulsed current generator and wire parameters., A
piezoelectric pickup was used to measure P instead of the earlier used
measurement of diaphragm deformation used by other cited authors. The
generator charge potential was varied from 7 to 20 kv, It was shown that
the maximum P, i,e, that realized with optimum wirz cross-section for
a Cu wire was 1.2 times the Pmax for a constantzn wire at equal pulse
energy output. The optimum cross-section of Cu wire varied linearly with
potential at equal capacitance (20 u f). 'The experimentally determined
optimal section and length agreed with the corresponding theoretical data
within the cited ranges of generator and exploding wire parameters. Graphical
cata are included showing generated P as functions of wire dimensions.
The tests verified that the lower resistivity wire material produced the
greatest shock wave pressure,

Ocheretin, V, N, Characteristics of energy released in
a channel formed by an exploding wire, Elektronnaya obrabotka
materialov, no. 3, 1971, 74.75,

The conditions of obtaining maximum power output P, i.e. maximum
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hydroacoustic efficiency, in the discharge channel of an exploding wire

are formulated. Account is taken of the fact that an exploding wire

cannot be simply matched to the current generator impedance, because the
wire impedance is nonlinear during the explosion process. The formula
for energy density u released in a discharge channel, which was derived
from the Poynting equation, indicated that u depends mainly on the
magnitude of discharge current I and radius r, of the discharge channel,
Equation (1) for P was derived on the valid assumption that nonuniformity
of energy release along a chanrel can be disregarded. It is recommended
on the basis of (1) that high-voltage, low capacitance capacitors be used

in designing electrohydraulic assemblies using the exploding wire principle.
Also, steel is preferable to Al or Cu wire, and minimum oscillatory
frequency and a significant damping constant are further requirements for
an efficient discharge.

p = Bl ColU? = or gttt (3 4 1)), Ll

sedl?

Karakhanov, S. M. and V., V, Polyudov., Shunting discharge
in vacuum heating of wires by pulsed current. ZhTF, no, 7,
1971, 1430-1435,

Experiments are described with Ni and W wires heated in a (2-5) x 10°
torr vacuum by electric discharge from a capacitor at 3-8 kv initial potential,
negative or positive. The vaporization rate of Ni or W was made negligible
by selection of appropriate parameters for the discharge circuit. This
experimental arrangement enabled e aluation of the maximum energy input
to the wires prior to the appearance of a shunting discharge. The
experimental plots of potential U and cur.ent I versus time T exhibited
three distinct phases, both with preliminarily degassed and nondegassed
wires. The onset of the second phase at a time t], when U cCrops abruptly
and I beging to rise, corresponds to the shunting discharge. In Ni wires,
the corresponding energy E;; calculated from the I (t) plot was either lowe:
or slightly higher than the energy of fusion E¢ at a negative U, while Ey wais
significantly higher than Ef at a positive U, In W wires E;) < E¢ for any U,
Comparison with the effect of discharge in air at atmospheric pressure
shows that the energy rrleased from Ni wire in air is much higher than Etl'
In addition, a rapid decrease in I before an electric explosion does not
occur in vacuum and U decreases instead of increasing, because of onset of
shunt discharge. The dependence of E¢; on the polarity of U leads to the
conclusion that anomalous electron emission from the conductor is the main
determining factor of a shunting discharge.

-61..



aw

L1

a»

-1

[ p— g

e

Anik'yev, I. I., M, I. Vorotnikova, and V. O. Kononenko.
Some experimental data on the effect of a lateral shock

wave in water on a cylindrical shell, Prikladnaya mekhanika,
no. 9, 1971, 106-109.

Shock deformation was studied of cylindrical shells, 300 mm long
x 120 mm ID, made of a glass-reinforced plastic or stainless steel. The
hermetically sealed shells were immersed in water. A shock wave was
generated by electrical explosion of a 0.07 mm thick copper wire in a
horizontal position parallel to the shell axis, and at a distance equal to
two or more diameters from the eghell. Shock wave pressure and deformation
of shell elements were recorded simultaneously by an OK-17 M dual-beam
oscilloscope with inputs from two piezoelectric pickups. The deformation
process was also photographically recorded with an SFR high-speed
camera through plexiglass windows at both ends of the shell. The steel
shell oat its stability by the irreversible formation of 6 to 8 longitudinal
plane surfaces by the impact of a shock wave of about 90 atm amplitude.
In contrast, the plexiglass shell, initially deformed by shock wave impact
at a 110 atm peak pressure, completely reverted to its original cylindrical
shape. Oscillograms of the plexiglass shell show that stability loss proceeds
simultaneously at several harmonics, predominantly those with the wave
numbers 6-8 and 25. Also, the tim= for evolution of maximum deformation
was substantially longer than the time of wave propagation over a distance
equal to the shell diameter.

Abramova, K. B., and B. P. Pvregud. Emission from
electrically exploded metals. ZhTF, no, 10, 1971, 2216-2225.

An experimental study is reported of tha emission accompanying a
true electric explosion (before breakdown and arc discharge) of copper
wire at atmospheric and 10-6 torr pressures. The absence of any cata
in the literature on the emission in the IR and vacuum UV spectral ranges
and scarcity of information on emission in the visible range prompted
this study. Oscilloscope traces of current and spectroscopic measurements
of emission in the 1.35 - 2.2 u range reveal two intensity peaks at A = 1.5
and 1.8 u, the latter disappearing after termination of the current pulse,
The measured energy of the 1.5u emission peak was about 150 times that
of the thermal emission of an absolute black body at 1,900°K, and the power
of the emission peak was three orders of magnitude greater than that of
the cited thermal emission, since the smission spectrum was considerably
rarrower than the Planck spectrum. It was thus shown that the observed
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IR spectrum could not be of thermal origin. The measured emission
spectra in the 2,200-6, 000 R range of an electric explosion with and

without discharge revealed the existence of only a long wave ''tail" of
intensity distribution. The Planck approximation of these spectra suggested
the possible existence of an emission peak at ~ 1,000 A, i.e. in the vacuum
UV range. This was confirmed in the present experiment at 10-6 torr by
measuring de-excitation of a CaSO4-Mn phosphor preliminarily exposed

to the emission from an exploding Cu wire, Estimates of energy requirements
for the observed emission led to the tentative conclusion that emission

from the electrically exploding metal wires in the IR as well as in the short
wavelength spectral ranges exhibits characteristics of electroluminescence.
The onset of emission coincides in time with the constricted magnetohydro-
dynamic instability which causes destruction of the conductor. Presumably,
electroluminescence of the metal is excited either by a high overvoltage of
the electric field generated by MHD instability, or by the extremely rapid
destruction of the metal, Oscillographic and spectral data are included.

Dikhter, I. Ya. and S, V, Lebedev., Study of thermophysical
properties of tungsten and molybdenum near the melting
point, using the method of electrical explosion, TVT, no. 5,
1971, 929-933,

An exploding wire experiment is described in which the data on
temperature dependence of heat capacity C of liquid and solid Mo, anrd on
temperature dependence of electrical resistivity ¢ of liquid and solid
Mo and W are reported and compared to earlier published data, The C
data of Mo (Fig. 1) were obtained by graphical treatment of the experimental
E (T) plot, where E is the energy input to a wire (d = 80 u) from an
electrical wire explosion induced by a pulsed current at a 5 x 1010 a/mz Jensity,
E and p were measured from oscilloscope traces of voltage drop and
current., The blue and red data referred to in Fig. 1 pertain to measurements
n 1de at the 400 1 and 818 u wave lengths, respectively, The experimental

p (T) plots are shown in Figs. 2 and 3, A discrepancy observed in Fig, 1
between the authors' curve 1 and curve 5 near the melting point (2900°K)
of Mo is tentatively explained as the result of a differrnce ir. the state of
the metal described by the respective curves, i.e. a nonstationary state
in tke case of curve £, the latter having a higher number of paired interstitial
defects (holes and atoms), A discrepancy between the blue an! red data
indicates a temperature dependence of the spectral emission coefficient € )
immediately after melting, In spite of the cited discrepancy in C data, it is
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apparent that the energy consumed by electrical heating of a metal to
its melting point is the same whether for slew or rapid (electrical
explosion) heating.

J/kg x degres)

_EEESsERER

Fig. 1. Heat capacity of Mo versus temperature,

1 - authors' data, solid state; 2 - authors' blue data,
liquid state; 3 - authors' red data, liquid state;

4 - calculated literature data; 5, 6 - literature data
obtained by the modulation method and by the alternating
induction heating and modulation methods, respectively.
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Fig. 2. Electrical resistivity of Mo vs. temperature:
the points are the authors' data, 1 and 2 are from literature
data,
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Fig. 3. Electrical resistivity of W vs. temperature:
the points are the authors' data, 1 is taken from the
literature.

Basov, N. G., B. L, Borovich, V, S, Zuyev, V.B, Rozanov,
and Yu, Yu. Stoylov. High-intensity discharge in gases. I.
Experimental study of optical and energy characteristics of a
powerful discharge in air. ZhTF, no. 3, 1970, 516-522,

Basov, N, G,, B, L. Borovich, V. S. Zuyev, V., B. Rozanov,

and Yu. Yu, Stoylov. High-intensity discharge in gases. II.
Description of dynamics of a powerful gas disc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>